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RADIOLABELED ANNEX INS 

Cross-Rfi ffirence to Related Appl ications 

This application is a continuation-in-part of U.S. Patent 
Application No. 08/351\635, filed December 7, 1994, which 
is in turn a continuation-in-part of pending U.S. Patent 
Application No. 08/261,064, filed June 16, 1994, which is 
in turn a continuation- iia-part of pending U.S. Patent 
Application No. 08/185, 66^, filed January 24, 1994. 

Technical Field 

The present invention is directed to radiolabeled 
annexins, including annexin-hexose conjugates such as 
hexose moiety conjugates, and components thereof. The 
present invention is also generally directed to 
modifications of the annexin components for the use in 
the preparation of radiolabeled annexins. Also 
contemplated by the present invention are imaging, 
protocols which involve the administration of, for 
example, a radiolabeled annexin-hexose moietycon jugate . 
The annexin component of the conjugate serves to deliver 
the radiolabeled active component of the conjugate to 
vascular thrombi target sites. The hexose component of 
the conjugate facilitates rapid elimination of the 
radiolabeled annexin-hexose moiety conjugates from the 
circulation of a recipient. 



Backgrou nd of the Invention 

When patients present with chest pain, palpitations 
or any other symptoms of coronary trauma or disease, the 
presence of vascular thrombi in the heart is a potential 
significant complicating factor for treatment. If a 
medical practitioner could non-invasively determine 
whether one or more vascular thrombi were present and, if 
present, the location of those vascular thrombi, better 
evaluation of treatment options would be possible. 
Furthermore, if a medical practitioner could determine 
that no vascular thrombi were present, thereby 
eliminating a potential complication in treatment, 
cardiac conditions could be treated more safely and 
effectively- 
Most present techniques for determining the presence 
of vascular thrombi are invasive and/or cumbersome, 
and/or fail to detect such thrombi with good sensitivity 
and specificity- Thus, an imaging agent useful for non- 
invasive vascular thrombi imaging is desirable. 

Annexins are a class of proteins that are 
characterized by calcium-mediated binding to anionic 
phospholipids. Anionic phospholipids are about 20-fold 
more highly associated with activated platelets than 
quiescent platelets, and activated platelets are 
associated with vascular thrombi. 

Radioiodinated annexin V has been shown to localize 
to vascular thrombi in vivo , but has suboptimal imaging 
characteristics, possibly due to the pronounced beta 
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phase of blood clearance owing to possible 
trans iodinat ion and/or metabolic degradation with 
reincorporation into serum macromolecules or non-target 
tissues. Free radioactive iodine or iodine -containing 
metabolic degradation products exposed non- target 
tissues, especially the thyroid gland, to radioactivity. 
Iodine radioisotopes 1-123, 1-124 and 1-131 with imagable 
photons suffer from various drawbacks. Iodine-131 has 
particulate emission and its gamma emission is too high 
in energy for optimal imaging. Iodine-124 emits 
positrons and high energy gamma photons. Finally, I- 
iodine-123 radiolabel with superior imaging properties is 
expensive and difficult to obtain and is not therefore 
practical for wide spread use. Consequently, improved 
radiolabeled annexin compounds are desirable. 

In addition, conventional imaging and therapy are 
often plagued by the problem that the generally 
attainable targeting ratio (ratio of administered dose 
localizing to target versus administered dose circulating 
in blood, or ratio of administered dose localizing to 
target versus administered dose migrating to bone marrow) 
is low. Improvement in targeting ratio is also sought. 

Thus, for the foregoing reasons there is still a need 
for a thrombus imaging product with increased sensitivity 
to image small thrombi, such as carotid thrombi or intra- 
cardiac thrombi and those present in coronary arteries 
after angioplasty or during myocardial infarctions or in 
cerebral arteries during stroke. Development of a 
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radiolabeled thrombus imaging agent capable of detecting 
intracoronary thrombi would represent a breakthrough 
product of great clinical and commercial significance. 
The present invention fulfills this need and provides 
further related advantages. 

Summary of the Invention 

The present invention provides radiolabeled annexin- 
hexose moiety conjugates and methods of making and using 
the same. The present invention further provides an 
annexin component that is altered in such a way as to 
provide an accessible sulfhydryl group and/or other amino 
acid groups for derivatization so as to serve to improve 
the imaging properties of annexin. Annexin- containing 
conjugates of the present invention are suitable for 
radiolabeling with a diagnostic imaging agent. Preferred 
conjugates of the present invention include: 

an annexin ; 

a hexose moiety; and 

an N 2 S 2 chelating compound associated with the 
annexin . 

Also provided by the present invention are 
radiolabeled annexin-hexose moiety— conjugates which 
include : 

an annexin; 

a hexose moiety; 

an N 2 S 2 chelating compound associated with the 
annexin; and 
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a diagnostic radionuclide complexed by the chelating 
compound . 

Another preferred conjugate of the present invention 
includes : ^ 

a modified annexin, wherein the modification provides 
an accessible sulfhydryl group; and 

a hexose moiety recognized by a mammalian liver 
receptor, wherein the hexose moiety is conjugated to the 
annexin . 

Another preferred conjugate of the present invention 
includes : 

a modified annexin, wherein the modification provides 
an accessible sulfhydryl group; 

a hexose moiety recognized by a mammalian liver 
receptor; and 

a N x S y chelating compound, wherein the hexose moiety 
is conjugated to the modified annexin directly or via the 
chelating compound and the chelating compound is 
conjugated to the modified annexin directly or via the 
hexose moiety. 

Another preferred conjugate of the present invention 
includes : 

an annexin multimer; 

a hexose moiety recognized by a mammalian liver 
receptor; and 

a N x S y chelating compound, wherein the hexose moiety 
is conjugated to the multimer directly or via the 
chelating compound and the chelating compound is 
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conjugated to the multimer directly or via the hexose 
moiety. 

Another preferred conjugate of the present invention 
includes : 

an annexin; and 

an esterase- sensitive N x S y chelating compound 
conjugated to the annexin. 

Another preferred conjugate of the present invention 
includes : 

a modified annexin, wherein the modification provides 
acessible sulfhydryl group; and 

a N x S y chelating compound conjugated to the annexin. 

Another preferred conjugate of the present invention 
includes : 

a modified annexin, wherein the modification provides 
an accessible sulfhydrl group; and 

an esterase -sensitive N x S y chelating compound 
conjugated to the annexin. 

Another preferred conjugate of the present invention 
includes : 

an annexin multimer; and 

a N x S y chelating compound conjugated to the annexin. 
Another preferred conjugate of the present invention 
includes : 

an annexin multimer; and 

an esterase-sensitive N x S y chelating compound 
conjugated to the annexin. 

It will be understood by one of ordinary skill in the 



art that where a chelating compound is a component of the 
conjugate, any one of the above preferred conjugates 
further includes a radionuclide complexed by the 
chelating compound. 

A preferred annexin for use in the present invention 
is annexin V. A modified annexin is extended on the C- 
terminus or N-terminus by a number of a amino acids. A 
preferred modified annexin for use in the present 
invention is extended on the N-terminus. This addition 
of the extension results in a modification to the annexin 
whereby an accessible sulfhydryl group is provided for. 
Thus, the modified annexin can be conjugated to a hexose 
moiety, such as a hexose cluster, (e.g., N-acetylgalactos 
-amine cluster; or provide for an endogenous radiolabel 
chelation site, thus eliminating the need for 
intermediate production of an amine-directed active ester 
containing the radiolabel; or provide for multimer 
production. 

The modified annexin component of the conjugate 
allows for rapid binding of the radiolabel to the 
annexin, thus providing for a simplified labeling 
procedure for clinical use. In some embodiments of the 
present invention, the modification to the annexin 
provides for acceleration of blood clearance thereby 
reducing the background radioactivity of the blood pool. 

Also, in some other embodiments of the present 
invention, an esterase-sensitive chelating compound is 
utilized to provide for accelerated excretion of 
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radioactivity from the liver, thereby reducing background 
radioactivity adjacent to the heart and lungs. 

Preferred hexose moieties for use in the present 
invention include hexose clusters and incorporate a 
multiple of 4 galactoses. Other preferred hexose 
clusters for use in the present invention incorporate a 
multiple of 3 galactoses. 

The hexose moiety component may bound to the annexin 
component and the chelating compound component via a 
trifunctional linker, such as lysine. An extender may be 
employed between the hexose moiety and the trifunctional 
linker to promote bioavailability of the hexose moiety. 
This embodiment of the present invention is favored if 
the chelating compound is characterized by a single 
functional group available and suitable for conjugation. 

If the chelating compound component is characterized 
by greater than one functional group available and 
suitable for conjugation to other conjugate components, a 
structure such as the following is preferably employed: 
hexose moiety - bifunctional linker -chelating compound - 
bi functional linker - annexin. 

Preferred diagnostic radionuclides for use in the 
practice of the present invention are Tc-99m, Re-186 and 
Re-188, with Tc-99m being especially preferred. Vascular 
thrombi located in or near the heart are especially 
amenable to imaging in accordance with the present 
invention. 

These and other aspects of the present invention will 
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become evident upon reference to the following 
description and attached drawings. 

Brief De scription of the Drawings 

Fig. 1 schematically represents a method of 
radiolabeling annexin V. 

Fig. 2 shows the blood clearance of Tc- 9 9m- annexin V 
(o) and of Tc- 9 9m- annexin V-galactose (A) 

Fig. 3 schematically shows the synthesis of N,N'- 
bis (2-disulf idyl-4-carbonylphenyl) -1, 3-propyldiamine . 

Fig. 4 schematically shows the synthesis of N,N f - 
bis (disulf idyl-4-methylphenyl) -gamma, gamma 1 - di amino - 
isovalerate N-hydroxysuccinimide . 

Figs. 5a and 5b schematically show the synthesis of 
an eight galactose-containing galactose cluster. 

Fig. 6 schematically shows the synthesis of an 
extended eight galactose-containing galactose cluster. 

Fig. 7 schematically represents a pET-12a plasmid 

Map. 

Fig. 8 schematically represents pET-12a-PAPl, 3/7/94, 
clone 1. 

Detailed Description of the Invention 

Prior to setting forth the invention, it may be 

helpful to set forth definitions of certain terms to be 

used within the disclosure. 

Annexin : A class of compounds characterized by the 
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ability to bind with high affinity to membrane lipids in 
the presence of millimolar concentrations of calcium. 
Annexins have been shown to exhibit anti-coagulatory 
effects that are mediated by the binding of annexins to 
negatively charged surface phospholipids (5 -g- / on 
activated platelets) . This annexin-phospholipid binding 
is believed to block the activation of clotting factors 
by such negatively charged surface phospholipids. Prior 
to the recognition of the annexin class of molecules, 
members thereof were also referred to in the literature 
as placental anticoagulant proteins ( e.g. , PAP-1, 2, 3 
and 4) , lipocortins, calpactins, vascular anti -coagulant 
(alpha and beta), calphobindin I, placental protein 4 
(PP4) , endonexin II, anchorin CII, calcium-dependent 
phospholipid binding protein, and the like. See Crumpton 
et al., Nature 34,5:212, 1990. Annexin-V is a 
prototypical annexin molecule used in the description of 
the present invention. The term, annexin includes native 
annexin purified from natural sources such as e.g. human 
placenta, or annexin molecules containing a native 
sequence produced through e.g. genetic engineering, 
recombinant, or other means. The term annexin further 
includes modified annexins as defined below, derived from 
or produced by any source. 

Modified Annexin : An annexin molecule wherein the 
native sequence or molecule is altered in such a way 
without materially altering the membrane binding affinity 
of the annexin. Such annexins can be produced by 
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chemical, genetic engineering or recombinant techniques 
as know to those of ordinary skill in the art. The 
modification can include a modification of the sequence 
through the addition of several amino acid residues, 
and/or an addition/deletion of an amino acid at a single 
site on the native or genetically engineered sequence. 
For example, the annexin can be modified at the N- 
terminus by the addition of amino acid residues, wherein 
at least one of the amino acids provides an accessible 
sulfhydryl group. The accessible sulfhydryl group or 
groups may be utilized during conjugation or remain 
available for further conjugation. The term modified 
annexin includes annexin multimers. 

ftnnexin Multimer : A combination of two or more 
monomeric modified annexin molecules of which the 
components of the multimer may be native or recombinant, 
or in any combination thereof; resulting in similar or 
improved membrane binding affinity over the monomeric 
annexin. A multimer composed of up to about 20 modified 
annexins is useful for the present invention. The 
preferred multimer composition is between 2 and about 10 
modified annexins. One example of an annexin multimer is 
an annexin dimer, which can be composed of two modified 
annexins linked by disulfide bonds between accessible 
sulfhydryl groups on the modified annexins. The annexin 
dimer can be produced directly as a fusion protein using 
known expression systems, wherein the two annexin 
molecules can be connected by a peptide linker through 
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the accessible sulfhydryl groups. A dimeric molecule 
could contain additional functional sites, such as an 
endogenous radiolabel chelation site or an accessible 
sulfhydryl group for the attachment of one or more hexose 
residues, for example. Also, as defined herein, annexin 
multimer is covered by the term annexin. 

fl y tension : A series of amino acids added to the N- 
terminus of the annexin molecule which provides a 
sulfhydryl group within ten amino acids from the N- 
terminus. Preferably the sulfhydryl group is within six 
amino acids of the N-terminus. More preferably the 
sulfhydryl group is the second residue in the N- terminal 
extension of six amino acids. The sulfhydryl group is 
preferably provided by a cysteine residue. This addition 
of amino acids provides a highly flexible means to attach 
functional moieties to the annexin terminal region. 

H A .g relating Compounds: As defined herein, the 

term "N Y S V chelating compound" includes bifunctional 
x y 

chelators that are capable of (i) coordinately binding a 
metal or radiometal and (ii) covalently attaching to an 
annexin molecule. Preferred N x S y chelating compounds have 
the N 2 S 2 (generally described in U.S. Patent No. 
4,897,225 or 5,164,176 or 5,120,526), N 3 S (generally 
described in U.S. Patent No. 4,965,392), N 2 S 3 (generally 
described in U.S. Patent No. 4,988,496), N 2 S 4 (generally 
described in U.S. Patent No. 4,988,496), N 3 S 3 (generally 
described in U.S. Patent No. 5,075,099) or N 4 (generally 
described in U.S. Patent No. 4,963,688 and 5,227,474) 
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cores. Particularly preferred N x S y chelating compounds 
have N 2 S 2 and N3S cores. Exemplary N x Sy chelating 
compounds are described in Fritzberg et al., ?XQG , Natl. 
Acad. Sci- USA S£:4024-29, 1988; in Weber et al . , 
Bioconi . Chem. 1 :431-37, 1990; and in the references 
cited therein, for instance. For the purpose of this 
description, the prototypical N x S y chelating compound is 
an N 2 S 2 chelating compound. A chelating compound which 
complexes a metal or radiometal is termed a "chelate" . 

Esterase- sensitive Chelating Compound: Amide 
thiolate acetate ester chelating compounds of the N x S y 
family wherein the esterase-sensitive chelating compound 
connects the radionuclide metal to the annexin. As 
defined herein, the term "esterase-sensitive chelating 
compounds" includes those described in U.S. Patent No. 
5,112,953 and 5,175,257. The esterase-sensitive 
chelating compounds is cleaved during the metabolism of 
the radiolabeled protein in the liver to generate 
radioactivity associated catabolites of favorable 
redistribution, resulting in the reduction of background 
radioactivity adjacent to the heart and lungs. A 
preferred esterase-sensitive chelating compound is N 3 S- 
serylsuccinate as described in U.S. Patent No. 5,112,953. 

Radiolabeled Annexin : An annexin having a 
radionuclide complexed therein. 

Radiolabeled Annexin-Galactose : A galactose- 
derivatized annexin having a radionuclide complexed 
therein. 



• 
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ffexose moietv : a composition of one or more six 
carbon sugar (hexose) residues, or derivatives based upon 
such moieties recognized by Ashwell receptors or other 
liver receptors, such as the mannose/N-acetylglucosamine 
receptor, which are associated with endothelial cells 
and/or Kupffer cells of the liver, or by the mannose 6- 
phosphate receptor. A hexose moiety includes a hexose 
cluster. A hexose moiety also includes more than one 
hexose moiety conjugated at separate sites to another 
molecule such as annexin. 

Hexose Cluster : A construct having a plurality of 
hexose residues (including derivatives) configured to be 
recognized by a liver receptor. Such clusters are 
preferably constructed of hexose residues connected in a 
branched configuration (via a linking moiety, which in 
turn is connected to a branching structure) , and are 
attached to annexin or to other components of a hexose 
cluster containing conjugate via a single point of 
attachment (through a linking moiety). Preferably, the 
branching network consists of two or three pronged 
branches, i.e. , consists of 2, 4, 8, 16, 32 or 64 hexose 
residues or consists of 3, 9, 27, or 81 hexose residues. 

Galactose Cluster : A construct having from about 3 
to about 64 galactose residues connected in a branched 
configuration. Preferably, the branching network 
consists of two or three pronged branches, i.e. , consists 
of 2, 4, 8, 16, 32 or 64 galactose residues or consists 
of 3, 9, 27, or 81 galactose residues. 
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Radiolabeled Annexin-Gal actose Cluster : A galactose 
cluster-derivatized annexin having a radionuclide 
complexed therein. 

Conjugate : A conjugate encompasses chemical 
conjugates (covalently or non-covalently bound) , fusion 
proteins and the like. 

Cleavable Linker : A bifunctional linker recognized by 
liver enzymes in such a way that the linker is 
enzymatically cleavable to produce a hydrophilic 
catabolite. In some preferred embodiments of the present 
invention, the cleavable linker connects the chelating 
compound to the hexose moiety. The cleavable linker 
functions for enhancement of renal excretion and 
hepatobiliary excretion so as to increase target to 
background ratio enabling early detection of atrial and 
venous thrombi. Examples of this type of linker includes 
a polymer, such as monosaccharides, polysaccharides, 
polyamino acids, hydroxyalkyl acrylamides, polyethylene 
glycol based hydrophilic polymers, biodegradable polymers 
containing an ether or ester linkage, as well as dextran 
and hemisuccinyl esters. 

It will be evident to one of ordinary skill in the 
art that the references throughout the application to 
annexin includes modified annexin, as well as annexin 
multimer, unless otherwise specified or apparent from the 
context. One of ordinary skill in the art will also 
understand that, although galactose is described below as 
a representative example, any reference to galactose 
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includes other hexose moieties, such as N-acetylgalactos- 
amine and clusters thereof. 

The present invention is directed to annexin- hexose 
containing conjugates, and radiolabeled annexins, 
including radiolabeled annexin-galactose cluster 
conjugates, and the use thereof for diagnostic imaging 
purposes. Radiolabeled annexins of the present invention 
are characterized by the following: rapid accretion to 
target cell sites characterized by anionic phospholipids; 
short circulating half -life; jja vivo stability against 
metabolic degradation or radionuclide separation from 
chelate; and amenability to packaging in cold kit format. 

Radiolabeled annexin-galactose conjugates also 
exhibit the aforementioned characteristics, albeit to 
different degrees. For example, radiolabeled annexin- 
galactose conjugates exhibit a shorter circulating half- 
life than their radiolabeled annexin counterparts. Also, 
radiolabeled annexin-galactose conjugates generally 
exhibit a lower binding affinity for target sites than 
their radiolabeled annexin counterparts. Successful 
diagnostic imaging involves both target site accumulation 
of signal and rapid elimination of non-targeted signal. 
Consequently, the enhanced elimination from a recipient's 
circulation of the radiolabeled annexin galactose 
conjugates provides a distinct opportunity to achieve 
diagnostic images in a shorter time frame. 

Moreover, target site signal diminishes over time as 
a result of radioactive decay. In addition, metabolism 
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of the target associated material also diminishes target 
signal. Consequently, shorter time frame imaging 
enhances the target :non- target ratio and total target 
signal, thereby garnering improved diagnostic 
information. 

Radiolabeled annexin-galactose cluster conjugates of 
the present invention combine desirable features of 
radiolabeled annexins and radiolabeled annexin-galactose 
conjugates. For example, radiolabeled annexin-galactose 
cluster conjugates exhibit a shorter circulating half- 
life than their radiolabeled annexin counterparts. Also, 
radiolabeled annexin-galactose cluster conjugates 
generally exhibit a higher binding affinity for target 
sites than their radiolabeled annexin-galactose conjugate 
counterparts- Consequently, the enhanced elimination 
from a recipient's circulation and the substantial 
binding affinity maintenance of the radiolabeled-annexin- 
galactose cluster conjugates of the present invention 
invention offer the opportunity to achieve clear 
diagnostic images in a shorter time frame. 

An embodiment of the present invention is directed to 
annexin-containing conjugates suitable for radiolabeling 
with a diagnostic imaging agent including: 

an annexin; 

a hexose moiety; and 

an N x Sy chelating compound associated with the 
annexin . 

Radiolabeled annexin-galactose cluster conjugates 
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suitable for imaging vascular thrombi anywhere in the 
recipient (but particularly in or near the heart) are 
also contemplated, which radiolabeled annexin-galactose 
cluster conjugates incorporate an annexin, a cluster of 
galactose residues, an N x S y chelating compound, and 
further a diagnostic radionuclide complexed by the 
chelating compound, 

A preferred embodiment of the present invention 
involves annexin- containing conjugates suitable for 
radiolabeling with a diagnostic imaging agent including: 

an annexin; 

a cluster of galactose residues; and 
an N 2 S 2 chelating compound associated with the 
annexin . 

Radiolabeled annexin-galactose cluster conjugates 
suitable for imaging vascular thrombi are also 
contemplated, which radiolabeled annexin-galactose 
conjugates incorporate an annexin, a cluster of galactose 
residues, an N 2 S 2 chelating compound, and further a 
diagnostic radionuclide complexed by the chelating 
compound. 

Another preferred conjugate of the present invention 
includes : 

a modified annexin, wherein the modification provides 
an accessible sulfhydryl group; and 

a hexose moiety recognized by a mammalian liver 
receptor, wherein the hexose moiety is conjugated to the 
annexin . 
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Radiolabeled modified annexin-hexose moiety 
conjugates suitable for imaging vascular thrombi are also 
contemplated, which radiolabeled annexin-hexose moiety 
conjugates incorporate a modified annexin, a hexose 
moiety, and further a diagnostic radionuclide conjugated 
to the modified annexin. 

Another preferred conjugate of the present invention 
includes : 

a modified annexin, wherein the modification provides 
an accessible sulfhydryl group; 

a hexose moiety recognized by a mammalian liver 
receptor; and 

a N x S y chelating compound, wherein the hexose moiety is 
conjugated to the modified annexin directly or via the 
chelating compound is conjugated to the modified annexin 
directly or via the hexose moiety. 

Radiolabeled modified annexin-hexose moiety 
conjugates suitable for imaging vascular thrombi are also 
contemplated, which radiolabled modified annexin-hexose 
moiety conjugates incorporate a modified annexin, a 
hexose moiety, an N x S y chelating compound and further a 
diagnostic radionuclide complexed by the chelating 
compound. 

Another preferred conjugate of the present invention 
includes : 

an annexin multimer; 

a hexose moiety recognized by a mammalian liver 
receptor; and 
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an N x S y chelating compound, wherein the hexose moiety is 
conjugated to the multimer directly or via the chelating 
compound and the chelating compound is conjugated to the 
multimer directly or via the hexose moiety. 

Radiolabeled annexin multimer conjugates suitable for 
imaging vascular thrombi are also contemplated, which 
radiolabeled annexin multimer conjugates incorporate an 
annexin multimer, a hexose moiety, an N x S y chelating 
compound, and further a diagnostic radionuclide complexed 
by the chelating compound. 

Another preferred annexin conjugate of the present 
invention is those suitable for radiolabeling with a 
diagnostic imaging agent including: 

an annexin; and 

an esterase-sensitive N x S y chelating compound 
conjugated to the annexin. 

. Radiolabeled annexin conjugates suitable for imaging 
vascular thrombi are also contemplated, which radiolabled 
annexin conjugates incorporate an annexin, an esterase- 
sensitive N x S y chelating compound and further a hexose 
moiety and a diagnostic radionuclide complexed by the 
chelating compound. 

Another preferred conjugate of the present invention 
includes : 

a modified annexin, wherein the modification provides 
acessible sulfhydryl group; and 

a N x S y chelating compound conjugated to the annexin. 
Radiolabeled modified annexin conjugates suitable for 
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imaging vascular thrombi are also contemplated, which 
radiolabled modified annexin conjugates incorporate a 
modified annexin, an N x S y chelating compound and further 
a diagnostic radionuclide complexed by the chelating 
compound . 

Another preferred conjugate of the present invention 
includes : 

a modified annexin, wherein the modification provides 
an accessible sulfhydrl group; and 

an esterase-sensitive N x S y chelating compound 
conjugated to the annexin. 

Radiolabeled annexin conjugates suitable for imaging 
vascular thrombi are also contemplated, which radiolabled 
annexin conjugates incorporate an annexin, an esterase- 
sensitive N x S y chelating compound, and further a 
diagnostic radionuclide complexed by the chelating 
compound. 

Another preferred conjugate of the present invention 
includes : 

an annexin multimer; and 

a N x S y chelating compound conjugated to the annexin. 
Radiolabeled annexin multimer conjugates suitable for 
imaging vascular thrombi are also contemplated, which 
radiolabeled annexin multimer conjugates incorporate an 
annexin multimer, an N x S y chelating compound, and 
further a diagnostic radionuclide complexed by the 
chelating compound. 

Another preferred conjugate of the present invention 



22 

includes : 

an annexin multimer; and 

an esterase-sensitive N x S y chelating compound 
conjugated to the annexin. 

Radiolabeled annexin multimer conjugates suitable for 
imaging vascular thrombi are also contemplated, which 
radiolabeled annexin multimer conjugates incorporate an 
annexin multimer, 

an esterase-sensitive N x S y chelating compound, and 
further a diagnostic radionuclide complexed by the 
chelating compound. 

It will be evident to one of ordinary skill in the 
art, that where a conjugate of the present invention has 
three components (e.g., an annexin, a hexose moiety, and 
chelating compound) , a component my be bonded to one 
another in a variety of orientations. For example, the 
hexose moiety and a chelating compound my be bonded at 
different sites on an annexin, or bonded to one another 
and only one is bonded to the annexin directly. 

For the visualization of vascular thrombi associated 
with a number of pathological conditions, a radiolabeled 
annexin such as a conjugate of an annexin with a 
chelating compound" complexed with an imaging 
radionuclide, such as Tc-99m for example, is administered 
to a recipient for whom such a diagnosis is desired. The 
radiolabeled annexin or annexin portion of the 
radiolabeled conjugate localizes rapidly to target sites 
characterized by negatively charged surface 
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phospholipids, such as vascular thrombi. The 
radionuclide is selected for its ability to be visualized 
via one of the various techniques therefor, e .a. . gamma 
camera imaging. Because of the rapid accretion of 
annexins to the target site and the short serum half -life 
(generally less than 30 minutes) of annexins (which is 
not significantly lengthened upon radiolabeling) , imaging 
of those target sites proceeds with little exposure of 
non-target sites to radioactivity. 

Diagnostic imaging is dependent on signal-to-noise 
ratio. Improvements involving either target signal 
accumulation or noise reduction will enhance the efficacy 
of the diagnostic imaging product. For targeted imaging, 
noise reduction is synonymous with reducing background 
radioactivity, particularly blood pool activity. 
Annexins, including annexin V, are rapidly removed by the 
liver; however, only a fraction of the activity is 
removed with each pass of the circulating conjugate 
through the liver. 

To more efficiently remove the background activity 
from the blood, an improvement in liver extraction of 
annexin- containing conjugates could be employed. A 
preferred method to enhance liver extraction involves 
derivatizing the annexin- containing conjugate with a 
hexose moiety, such as galactose, that is recognized by a 
liver receptor. The efficiency of liver receptor 
extraction of the moiety recognized thereby will result 
in increased "per pass" removal by the liver of 
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derivatized annexin- containing conjugate ( e.g. , annexin - 
galactose conjugate) in comparison to the amount of 
underivatized annexin-containing conjugate so removed. 

Further improvement in signal-to-noise ratio can be 
achieved by derivatizing radiolabeled annexin or an 
annexin-containing radiolabeled conjugate with a cluster 
of galactose molecules recognized by a liver receptor. 
The efficiency of liver receptor extraction of the moiety 
recognized thereby will result in increased "per pass" 
removal by the liver of derivatized annexin-containing 
conjugate ( e.g. , annexin-galactose cluster conjugate) in 
comparison to the amount of underivatized annexin- 
containing conjugate so removed. In addition, the 
multiple galactose residues arranged in a cluster are 
bound to the annexin conjugate component via a single 
point of attachment. Consequently, less or no reduction 
in annexin target binding affinity resulting from 
galactose cluster derivatization may be achieved in 
comparison to annexin-galactose conjugates. 

Annexins are generally (with the most notable 
exception being annexin II) single chain, non- 
glycosylated proteins of approximately 33-72 kilodalton 
molecular weight . Annexins possess a number of 
biological activities associated with calcium ion- 
mediated binding. 

Investigations have shown that annexins bind with 
high affinity to anionic membrane lipids in the presence 
of millimolar concentrations of calcium. In the presence 
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of calcium, these proteins have an especially high 
affinity for negatively charged phospholipids, such as 
phosphatidyl serine , phosphatidylglycerol , phosphat idic 
acid, or phosphat idylinositol . See, for example, 
Funakoshi et al., Biochem. 26 : 5572-78, 1987; and Tait et 
al., Biochem. 27 : 6268-76, 1988. Such negatively charged 
phospholipids are associated with vascular thrombi ( e.g. . 
are located on the surface of activated human platelets) . 

Annexins exert anti-coagulatory effects. Coagulation 
inhibition is mediated by the binding of annexins to 
negatively charged surface phospholipids ( e.g. , present 
on the surface of activated platelets) . This binding is 
believed to block the activation of clotting factors by 
such negatively charged surface phospholipids. Annexins 
localize to target sites bearing anionic phospholipids 
rapidly, i.e. . in a matter of approximately 5 to 30 
minutes depending on circulating levels thereof, but 
remain circulating in the serum for a somewhat longer 
time period (circulating half-life < 30 minutes) . 
Example III below discusses results of imaging 
experiments wherein vascular thrombi were visualized in 
planar images at an average time (following annexin 
administration) of 82 minutes. 

Because of these properties, annexins or annexins 
conjugated to diagnostic or therapeutic agents may be 
employed in protocols for the in vivo diagnosis or 
treatment of vascular thrombi associated with a number of 
indications, such as DVT (deep vein thrombosis) , PE 
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(pulmonary embolism) , myocardial infarction, atrial 
fibrillation, problems with prosthetic cardiovascular 
materials, stroke and the like. Other indications 
associated with accumulation of activated platelets, for 
which the annexin conjugates of the present invention are 
useful, include the following: abscess imaging, 
restenosis post balloon angioplasty (PCTA) , inflammation 
of joints (i.e., Rheumatoid arthritis), damaged 
endothelial cells (i.e., Alzheimer's disease), imaging of 
clots in cerebral arteries, occlusions in peripheral 
arteries, atrial thrombosis imaging, and imaging of 
coronary and carotid artery thrombi . 

It is also important to characterize platelet 
populations in clinical, in vitro diagnostic, and basic 
research disciplines. Of the cell surface markers 
currently available to characterize platelets, many are 
not cross -reactive between species and may recognize all 
platelets as opposed to just the activated platelet 
population. It is believed that annexin selectively 
binds to activated platelets in many species. Thus 
annexin conjugates of the invention can be utilized as an 
alternative cell marker in research and diagnostics 
disciplines such as immunohistochemistry and flow 
cytometry. For example, conjugates of the present 
invention can be used to detect activated platelets in 
fixed tissues/tumors, blood smears, in animals with 
coagulopathies, and in situ in platelet activation assays 
in response to various chemical or infectious stimuli as 
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well as to detect activated platelets in blood, cell 
culture assays and platelet response assays. It will be 
appreciated by one of ordinary skill in the art that the 
conjugates of the present invention are useful for any 
purpose or indication, in which the targeting or binding 
of activated platelets would be desirable, Exemplary 
diagnostic protocols and experimentation employing 
radiolabeled annexins are set forth below to further 
elucidate this aspect of the present invention. 

An example of a preferred annexin useful in the 
practice of the present invention is Annexin V, which was 
isolated by Bohn in 1979 from human placenta, a rich 
source of annexins, and termed Placenta Protein 4 (PP4) . 
Annexin V has been expressed in EL. coli . Iwasaki et 

. r j. Biochem. . Vol 102, No. 5, 1261-1273 (1987). Also, 
a full length cDNA clone of annexin V has been obtained 
and subcloned in expression vectors, thereby facilitating 
the production of fusion proteins containing annexin V 
(see generally, Tait et al . , J. Biol. Chem . Vol. 270, No. 
37, pp 21594-21599 (1995) . Annexin V consists of four 
domains (four tandem, imperfect repeats of about 75 amino 
acid residues, Funakoshi et al., Biochem. . 2£: 8087-92, 
1987), wherein each domain is made up of 5 alpha helices. 
From the side, the annexin V molecule appears crown- like 
with at least four calcium binding sites on its convex 
surface, through which annexin-phospholipid interactions 
are mediated. Other annexin molecules are also useful in 
the practice of the present invention, and the 
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discussions relating to annexin V herein apply generally 
to annexin molecules. 

Because annexin V has a plurality of calcium binding 
sites, and because annexin V binding to negatively 
charged phospholipids is mediated by calcium, an 
engineered molecule consisting of one or more individual 
annexin V domains may be employed in imaging protocols of 
the present invention. Also, the annexin molecule may be 
partitioned at a position or positions different from the 
domain boundaries to provide an engineered molecule 
capable of calcium-mediated binding of anionic 
phospholipids. Also, annexin V may be altered at one or 
more amino acid residues, so long as the affinity of 
annexin V for anionic phospholipids is not significantly 
impaired. For example, the cysteine (position 316) amino 
acid residue of annexin V can be either deleted or 
replaced with alanine or other non- sulfur containing 
amino acids known to those of ordinary skill in the art; 
wherein, upon labeling, a monomerically radiolabeled 
annexin V is produced. 

In another example, a native annexin can be modified 
at the N- terminus by adding amino acid residues to 
provide for an accessible sulfhydryl group or groups. 
This can be accomplished with the addition of at least a 
single cysteine residue near the N-terminus. The 
accessible sulfhydryl groups may be available after 
initial conjugation or is for further conjugation 
depending on the embodiment of the invention utilized. 
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A preferred modified annexin molecule, as defined 
herein, is a monomeric form of annexin V with an N- 
terminal extension of an amino acid sequence, wherein the 
sequence is selected so that it contains amino acids 
adjacent to an amino acid countacy an accesible 
sulfhydryl group cysteine. The selected sequence will 
improve target to normal organ ratios and superior clot 
imaging potential. The use of hydrophilic amino acids, 
in the sequence such as serine, glycine, theonine, 
aspartate, glutamate and others facilitates renal 
excretion of chelate products of catabolism following 
uptake of the radiolabeled annexin in normal organs, such 
as the liver. One preferred amino acid sequence added to 
at the N-terminus of annexin V is Ala-Cys-Asp-His-Ser- 
Met. An advantage of this particular configuration is 
that with the cysteine near the N-terminus, the 
sulfhydryl and neighboring amide groups provide for 
stable chelation of the technetium resulting in an N 3 S- 
like stable chelate, as in endogenous radiolabeling of 
the annexin molecule . 

Other model peptides that vary the sequence at the N- 
terminus of modified annexin V (for example, the sequence 
of George et al . in Proc. Natl . Acad. Sci . USA, 92:8358- 
62, 1995) can be prepared. These peptides are subjected 
to the same conditions of in vitro labeling with Tc-99m 
as described above. Peptides with suitable labeling 
characteristics can be chosen, and the sequence can be 
engineered into the recombinant annexin V molecule . 
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Success is indicated by preparation of a derivative with 
specific activity as high or higher than the current 
derivative as reported by Stratton et al, in Circulation," 
92 ; 3113-3121, 1995; that is stable in vitro and in vivo; 
that retains membrane and thrombus binding activity; and 
that is not adversely altered with respect to blood 
clearance or biodistribution. If the above- identified 
criteria is met, the modified Annexin V molecule or dimer 
of the modified annexin V molecule is used according to 
the invention. 

An annexin multimer composed of two or more modified 
annexin molecules which are limited by disulfide bonds 
between one or more of the accessible sulfhydryl groups 
on the respective annexins. A preferred annexin 
multimer, is an annexin dimer. A prototypical annexin 
multimer is an annexin dimer. The dimer is intended to 
have a higher affinity for the platelet membrane 
resulting from a slower dissociation rate. The dimer can 
then be accreted to a higher level or retained longer in 
the thrombus in vivo, thus improving the target-to- 
background ratio at any given time. The annexin 
multimer, as well as the annexin dimer can be produced as 
a fusion protein using known expression systems with the 
modified annexins connected by a peptide linker through 
the accessible sulfhydrl groups. A multimeric molecule 
can also contain additional functional sites, such as an 
endogenous radiolabeled chelation site or a free 
sulfhydryl to allow for attachment of a hexose moiety. 
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Where an annexin dimer is produced and includes a hexose 
moiety and a chelating compound, this dimer can then be 
used for generating stabilized monomers for further 
radiolabeling procedures via reduction of the disulfide 
bonds of the dimer. 

The degree of annexin binding to phospholipids may be 
quantified by fluorescence quenching as described by Tait 
et al., J- Biol. Chem. . 2£±: 7944-49, 1989. 

Among annexins, annexin V has the strongest binding 
affinity (K^ < 10 10 M) for phospholipid vesicles 
containing 80% phosphatidylcholine and 20% 
phosphatidylserine under conditions comparable to plasma 
and extracellular fluid (1.2 mM ionized calcium, 0.15 M 
ionic strength) . This binding is reversible and calcium 
dependent . 

To decrease the background radiolabel activity, 
annexins (including modified annexins) may be derivatized 
with hexose moieties or hexose-based moieties. More 
specifically, annexins may be derivatized to incorporate 
one or more hexoses (e.g. six carbon sugar moieties) 
recognized by Ashwell receptors or other liver receptors, 
such as the mannose/N-acetylglucosamine receptor, which 
are associated with endothelial cells and/or Kupf fer 
cells of the liver, or by the mannose 6 -phosphate 
receptor. Exemplary of such hexoses are galactose, 
mannose, mannose 6 -phosphate, N-acetylglucosamine, 
pentamannosyl phosphate, and the like. Other moieties 
recognized by Ashwell receptors, including glucose, N- 
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galactosamine, N- acetylgalactosamine , thioglycosides of 
galactose and, generally, D-galactosides and glucosides 
and the like, may also be used in the practice of the 
present invention. Thus, hexose moieties useful in the 
practice of the present invention include a variety of 
galactose, mannose and glucose sugars recognized by liver 
receptors. Preferred hexose moieties are hexose sugars, 
such as galactose and galactose clusters. It should be 
understood that galactose and galactose clusters are 
encompassed by the term hexose moiety. It should also be 
recognized that the use of the term galactose in the 
discussion is understood to encompass not only galactose, 
but N-galactosamine, N-acetylgalactosamine, 
thioglycosides of galactose and generally, D-galactosides 
as well; the term mannose is understood to encompass 
mannose , mannose - 6 -phosphate , pent amannosyl phosphate , 
and the like; the term glucose, is understood to 
encompass glucose, glucosides, and the like. For 
purposes of the invention the most preferred galactose 
is N-acetylgalactosamine. 

Galactose is the prototypical hexose employed for the 
purposes of this description. Galactose thioglycoside 
conjugation to a protein is preferably accomplished in 
accordance with the teachings of Lee et al., "2-Imino-2- 
methoxyethyl 1 -Thioglycosides : New Reagents for 
Attaching Sugars to Proteins," Biochemistry , 15 (18) : 
3 956, 1976. Another useful galactose thioglycoside 
conjugation method is set forth in Drantz et al, 
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"Attachment of Thioglycosides to Proteins: Enhancement 
of Liver Membrane Binding," Biochemistry. 15 (18) : 3963, 
1976. Annexin-galactose conjugation is also discussed 
in the Examples set forth herein. 

Hexose moiety conjugation to the annexin via chemical 
methods can occur either prior to (post -formed approach) 
or following (pre-formed approach) conjugation of the 
chelating compound to the annexin. Hexose moiety 
chemical conjugation is preferably conducted prior to 
chelating compound conjugation, however. 

The number of galactose residues on the product 
conjugates will range from 1 to the maximum number of 
galactoses that do not significantly diminish the binding 
affinity of annexin for its target, see Example IV. For 
example, galactose derivatization that preserves at least 
20% of native annexin binding activity is preferred, with 
the preservation of at least 50% of native annexin 
binding activity more preferred. The theoretically 
possible maximum number of galactose residues located on 
the annexin molecule is 22 ( i.e. . the number of lysine 
residues within the annexin structure) . An exemplary 
number of galactose residues on radiolabeled annexin- 
galactose conjugates of the present invention ranges 
between 1 and about 5 . 

Hexose clusters are preferably employed in the 
practice of the present invention. Galactose clusters 
are the prototypical hexose clusters employed for the 
purposes of this description. A cluster containing the 
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galactose, N-aceylgalactosamine, is a preferred galactose 
clusters of the present invention. Design of hexose 
clusters of the present invention is conducted with the 
following criteria in mind, as set forth in the context 
of the design of a galactose cluster: 

1) Number of Galactoses in a Cluster; 

2) Distance Between Galactoses in the Cluster; and 

3) Distance Between Galactose Cluster and the 
Annexin Conjugate Component. 

With regard to criteria number 1, literature 
indicates that galactose receptors on the surface of 
human hepatocytes are grouped as heterotrimers and, 
perhaps, bis-heterotrimers . See, for example, Hardy et 
al., Biochemistry . 24.: 22-8, 1985. For optimal affinity 
to such receptors, it is contemplated within the present 
invention that each galactose cluster should preferably 
contain at least three galactose residues. In general, 
the greater the number of galactose residues in a 
cluster, the greater the propensity for the cluster to be 
recognized by liver receptors. 

Increased galactose cluster size may impair annexin 
binding to target. If significant impairment in annexin 
binding to target ( e.g. . reduction to < 20% of native 
annexin binding) is observed, a longer linker between the 
two moieties may be used or such large clusters should 
not be employed in radiolabeled annexin-galactose cluster 
conjugates of the present invention. 

With respect to criteria number 2, the galactose 
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receptors within each trimer are separated from each 
other by distances of 15 # 22 and 25 angstroms. 
Consequently, it is contemplated within the present 
invention that the galactoses within a cluster should 
preferably be separated by flexible linkers allowing 
separation of at least 25 angstroms. The spacing between 
galactose residues is likely to be more important if the 
number of galactose residues is small. With larger 
constructs, appropriate spacing is likely to occur with 
respect to galactose residues that are not immediate 
neighbors ( i.e. . sugar residues that are farther apart 
than those that are immediate neighbor) . Assuming an 
average bond length of 1.5 angstroms, preferred galactose 
clusters of the present invention are characterized by 
separation of neighboring galactose residues by about 10 
bond lengths or more. Other preferred constructs involve 
galactose clusters characterized by separation of 
neighboring sugar residues by about 25 bond lengths or 
more . 

Regarding criteria number 3, the distance between the 
annexin and the galactose cluster should be sufficient to 
obviate any adverse steric effects upon annexin binding 
to target caused by the size or orientation of the 
galactose cluster. This distance is preferably greater 
than about 7 bond lengths or about 10 angstroms. If 
necessary, an extender molecule is incorporated between 
the galactose cluster and the linker (which joins the 
galactose cluster and the annexin component) or between 
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the annexin and the linker to provide the requisite 
distance. 

While the foregoing parameters appear to be optimal 
for galactose, it should be noted that these factors may 
vary with other hexoses or mixtures thereof, which may or 
may not bind to the same receptors, or may bind 
differently. Given the teachings in this application, 
one of ordinary skill in the art can, using available 
synthesis techniques, attach an annexin and an active 
agent to other hexose clusters and identify those 
constructs which provide optimal performance. 

Any branched sugar structures that meet the criteria 
described above may be employed in the practice of the 
present invention. Preferred galactose clusters of the 
present invention are of the following structures: 




NHAc 
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wherein X is preferably H or methyl, resulting in 
galactose clusters bearing 4, 8, 16 and 32 galactose 
residues, respectively. Further iteration in the 
branching scheme allows expansion of the galactose 
cluster to include 32, 64, etc. galactose residues. In 
addition, the linker moiety between the hexose itself and 
the branching structure (shown as -S-(CH 2 ) 4 - NX-) may be 
variable in length. 

Alternative branching structures may also be employed 
in the design of galactose clusters in accordance with 
the present invention. For example, other constructs 
wherein the branching results in a doubling of the number 
of galactose residues may be employed. In addition, 
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constructs wherein branching results in a tripling or 
other convenient multiplying of the number of galactose 
residues are also contemplated by the present invention. 

Another potential branching construction is based 
upon the molecule bis-homotris : (HO-CH 2 ) 3-C-NH2 . The 
sulfhydryl- containing derivative of this molecule may 
also be used. In this embodiment of the present 
invention, each arm of the bis-homotris molecule is 
extended and terminated in a carboxylic acid: (H0 2 C- 
(CH 2 )y-Z- (CH 2 ) 3-C-NH2) / where Z is S or 0 and y ranges 
from 1 to about 10. For this embodiment of the present 
invention, a preferred galactose cluster is characterized 
by the following structures: 



X O \ 
I II \ 
galactose -(CH 2 ) 4 —N *C -(CH 2 ) y — Z -(CH 2 ) 3 H-C -NH - 



XO 
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(galactose-(CH 2 )4-^^ 
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^galacto8e-(CHh)4'N — C-(CH 2 )y-ZMCH2)3jc-NH-C-(CH2)y-Z-(CH 2 )3jc-NH-C-(CH 2 )y-Z-(CH 2 )3jc-NH- 



wherein X is preferably H or methyl; y ranges from 1 to 
about 10; and Z is O or S. The above structures bear 3, 
9 and 27 galactose residues, respectively. Further 
iteration of the branching allows expansion to include 
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81, etc. galactose residues. 

Also, X may be a lower alkyl moiety (composed of two 
to twelve carbons) different from methyl, such as ethyl, 
t-butyl and the like. X may also be a lower alkyl group 
bearing a heteroatom, such as a lower alkyl acid, ester, 
aldehyde, ketone or ether. 

In embodiments of the present invention wherein the 
chelating compound is characterized by a single 
functional group available and suitable for conjugation, 
the annexin, chelating compound and galactose cluster 
components are preferably joined via a trifunctional 
linker. Functional groups that are "available" for 
conjugation are those that are not prevented by steric 
constraints from conjugate formation. Functional groups 
that are "suitable" for conjugation are those that are 
capable, in a chemical sense, of reacting with available 
functional groups associated with other conjugate 
components. In addition, conjugation of "suitable" 
functional groups does not substantially impair a 
necessary function of the component with which the 
functional group is associated. For example, a 
functional group located in the complementarity 
determining region of an antibody targeting moiety will 
generally not be "suitable" for conjugation, because the 
targeting ability of the antibody is likely to be 
substantially impaired by such binding. 

Useful trifunctional linkers are amenable to binding 
with functional groups available on the three conjugate 
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components or any extender moieties employed in conjugate 
construction. A useful trifunctional linker is lysine, 
wherein the alpha-amino, epsilon-amino and carboxyl 
functional groups are used. One of ordinary skill in art 
the could identify other trifunctional linkers and use 
the same in the practice of the present invention as set 
forth herein. 

The following variations for the order of component 
(specifically the modified annexin, hexose moiety and 
chelating compound) conjugation, are contemplated within 
the present invention: 

the hexose moiety conjugated to the modified annexin, 
through an accessible sulfhydryl group or groups, and 
the chelating compound conjugated to the modified 
annexin through a lysine residue on the modified 
annexin; a chelating compound conjugated to the 
modified annexin, through accessible sulfhydryl group 
or groups, and the hexose moiety conjugated to the 
modified annexin through a lysine residue on the 
modified annexin; chelating compound conjugated to 
hexose moiety, which in turn is conjugated to the 
modified annexin through accessible sulfhydryl group 
or groups; the hexose moiety conjugated to the 
chelating compound, which in turn is conjugated to 
the modified annexin through accessible sulfhydryl 
groups; chelating compound conjugated to the hexose 
moiety which in turn is conjugated to the modified 
annexin through the lysine residues of the modified 
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annexin, thus leaving the accessible sulfhydryl 
groups available for further conjugation; hexose 
moiety conjugated to chelating compound which in turn 
is conjugated to the modified annexin through lysine 
residues, again leaving the accessible sulfhydryl 
groups available for further conjugation; and other 
like variations. 

Cleavable linkers may be employed in the present 
invention. Such linkers are bifunctional moieties 
capable of binding with the trifunctional linker in such 
a way as to connect the chelating compound to the 
trifunctional linker, which in turn is connected to the 
annexin component and cluster component . Examples of 
suitable cleavable linkers include monosaccharides, 
polysaccharides, polyamino acids, hydroxyalkyl 
acrylamides (e.g. HPMA) , polyethylene glycol based 
hydrophilic polymers, biodegradable polymers which 
contain an ether or ester linkage, as well as dextran and 
hemisuccinyl esters, and the like. 

Extender molecules useful in the present invention 
are bifunctional moieties capable of binding with either 
the annexin component and the linker or the galactose 
cluster component and the linker. Suitable extender 
molecules include aminocaproate moieties, HS- (CH 2 ) n COOH 
or an activated ester form thereof wherein n ranges from 
2 to about 5, and the like. One of ordinary skill in the 
art is capable of identifying and using other suitable 
extender molecules as described herein. Alternatively, 
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the extender function can be served by an appropriately 
constructed linker. 

Also, binding facilitation moieties may also be 
employed in the present invention. Such moieties are 
bifunctional and facilitate binding the conjugate 
components, e.g. . galactose cluster, annexin, chelating 
compound, linker, and extender. Examples of such binding 
facilitation moieties include urea functionalities, 
thiourea functionalities, succinate bridges, maleimides 
and the like. Such binding facilitation moieties are 
amenable to identification and use by those of ordinary 
skill in the art. 

An example of a linker -extender -binder facilitation 
system is shown below: 

-CO- (CH 2 ) 5 -NH-C (0 or S) -NH-CH- (CH 2 ) 4 -NH-CO- (CH 2 ) 2 -C0- (COOH) 

wherein the alpha-amine of the lysine linker is bound via 
a urea or thiourea functionality to an amino caproate 
spacer (which, in turn, binds to a galactose cluster that 
is not shown) ; the lysine carboxylate is available for 
linkage to a chelating compound (not shown) ; and the 
epsilon-amine of the lysine linker is available for 
linkage to a lysine residue of the annexin component (not 
shown) via a succinate bridge. Other amino acid residues 
of the annexin component, such as cysteine, may also be 
employed for binding purposes. Alternatively a 
maleimide-S- (CH 2 ) n C0- binding facilitation moiety- 
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extender combination may be employed to link the sugar 
residue with the lysine. An example of a conjugate 
joined by a trifunctional linker is discussed in Example 
VII. 

When the chelating compound component of the 
conjugate is characterized by greater than one functional 
group available and suitable for conjugation, the 
galactose cluster may be linked to the chelating compound 
component which, in turn, is linked to the annexin 
component of the conjugate via two or more bifunctional 
linkers. Alternatively, the hexose cluster, such as N- 
acetylgalactosamine, is linked to the accessible 
sulfhydryl group of the modified annexin and the 
chelating compound component is linked to the annexin 
component via the lysine residue on the annexin. In 
another possible configuration, the chelating compound 
is linked to a hexose cluster through a trifunctional 
linker, wherein the hexose cluster conjugated to the 
chelating compound is then linked to the accessible 
sulfhydryl group of the modified annexin through a 
binding facilitation moiety. The above possible 
configuration can also include a cleavable linker between 
the chelating compound and the linker attaching the 
cluster to the annexin. Preferably, the annexin 
component of the conjugate is attached last in the 
formation of a galactose cluster-chelating compound- 
annexin conjugate. Suitable bifunctional linkers and 
linking methodologies can be identified and employed by 
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one of ordinary skill in the art. An example of such a 
chelating compound and such a conjugation methodology is 
set forth in Example V. 

Annexin V modified with a hexose moiety, such as a 
galactose cluster containing, for example, a N- 
acetylgalactosamine sugar, is intended to clear faster 
from the blood by the liver, allowing one to achieve 
optimal thrombus-to-background ratios soon after 
administration of radiolabeled agent. Attachment of the 
cluster near the N-terminus of the modified annexin 
intended to not affect the binding of the annexin moiety 
to thrombi . 

Annexin conjugation to the hexose moiety and the 
chelating compound via chemical methods can occur either 
prior to (post -formed approach) or following (pre -formed 
approach) complexation of a radiometal with the chelating 
compound. In a preferred embodiment, a hexose moiety is 
attached to the annexin component prior to the addition 
of the radiolabel. The chemical conjugation is 
preferably conducted following radiometal complexation, 
unless the chelating compound employed in the conjugate 
is capable of binding the radionuclide with rapid 
kinetics at room temperature. Annexin V is radiolabeled 
with an imaging radionuclide for use in the present 
invention. 

Radionuclides useful within the present invention 
include penetrating photon emitters including gamma - 
emitters and X-ray emitters. These rays accompany 
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nuclear transformation such as electron capture, beta 
emission and isomeric transition. Radionuclides useful 
include those woth photons between 80 and 400 keV and 
positron producers, 511 keV annihilation photons and 
acceptable radiation dose due to absorbed photons, 
particles and half life. Radionuclides suitable for use 
in the present invention are known in the art and include 
"F, "Cu, 186 Re, 188 Re, l00 Pd, 212 Bi, 212 Pb, 109 Pd, 67 Cu, 67 Ga, 
"Ga, 99n Tc, 94 Tc, 95 Ru, 10S Ru, "Rh, l05 Rh, 111 In, 123 1 , 125 1 , 
ls3 Sm, 177 Lu, 170 Lu, 189 Pt, 193 Pt, 199 Au, 197 Hg and the like. 

Tc-99m is a preferred radionuclide for the practice 
of the present invention. Tc-99m has been stably bound 
to annexin V in accordance with the present invention at 
both low and high specific activity (0.53 //Ci/^g - 101.2 
/zCi/Atg) . Adequate radiochemical yields and good 
radiochemical purities were obtained. Activated platelet 
binding studies were also conducted, and the radiolabeled 
annexin V conjugates bound to activated platelets well. 

N S chelating compounds include bifunctional 
chelating compounds that are capable of coordinately 
binding a metal or radiometal and covalently attaching to 
an annexin molecule. Preferred N x S y chelating compounds 
have the N 2 S 2 (generally described in U.S. Patent No. 
4,897,225 or 5,164,176 or 5,120,526), N 3 S (generally 
described in U.S. Patent No. 4,965,392), N 2 S 3 (generally 
described in U.S. Patent No. 4,988,496), N 2 S 4 (generally 
described in U.S. Patent No. 4,988,496), N 3 S 3 (generally 
described in U.S. Patent No. 5,075,099) and N 4 (generally 
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described in U.S. Patent No. 4,963,688 and 5,227,474) 
cores. Particulary preferred N x S y chelating compounds 
have the N 2 S 2 and N 3 S cores. N 2 S 2 and N 3 S chelating 
compounds are known in the art. For example, preferred 
N 2 S 2 chelating compounds are described in U.S. Patent No. 
4,897,225, and preferred N 3 S chelating compounds are 
generally described in U.S. Patent No. 4,965,392 and U.S. 
Patent No. 5,112,953. 

The N 2 S 2 chelating compound are diamide, dimercaptide 
bifunctional chelators of the N x S y family capable of 
stably complexing a radionuclide through two nitrogen 
atoms and two sulfur atoms that are appropriately 
positioned. N 2 S 2 chelating compounds are generally 
described in U.S. Patent No. 4,897,225. 

Preferred chelating compounds with an N 2 S 2 core also 
include diamine dimercaptide chelating compounds having 
the following biphenyl backbone, which are described in 
U.S. patent application Serial No. 08/463,232: 
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wherein n = 0 to 1 and one or more T substituents 
incorporate a functional group available and suitable for 
conjugation with another conjugate component. Such 
exemplary functional groups include hydrophilic groups 
that are amenable for renal excretion as opposed to 
heptobiliary excretion. 

The N 3 S chelating compounds are triamide, mercaptide 
bifunctional chelators of the N x S y family capable of 
stably complexing a radionuclide through three nitrogen 
atoms and one sulfur atom that are appropriately 
positioned. Preferred N 3 S chelating compounds are 
described in U.S. Patent No. 4,965,392 and 5,091,514. 

The present invention applies this stable chelation 
technology to exploit the thrombus -targeting ability of 
annexin molecules, thereby providing an imaging agent 
which is able to rapidly visualize vascular thrombi in 
vivo . The radiolabeled annexins, including radiolabeled 
annexin-galactose conjugates and radiolabeled annexin- 
galactose cluster conjugates, of the present invention 
can be used to obtain thrombus images which reduce or 
eliminate the high level of background radioactivity that 
results from metabolically degraded radiolabeled 
conjugate. The radiolabeled annexins, including 
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radiolabeled annexin-galactose conjugates and 
radiolabeled annexin-galactose cluster conjugates, also 
avoid clinically unacceptable toxicity to non-target cell 
sites. Tc-99m radiolabeled annexin V performed better 
than 1-123 in the pig studies set forth in Example III 
hereof . 

Radiolabeling of annexin V with a radionuclide using 
an N2S2 or N3S chelating compound may be conducted using 
either a pre-formed or a post-formed approach. That is, 
the radionuclide is either complexed within the chelating 
compound prior to (pre-formed) or following (post -formed) 
conjugation of the chelating compound to annexin V. The 
pre-formed approach is preferred and suitable procedures 
therefor are set forth in Examples I, II, IV, and XV. 
Further studies indicated that the pre-formed 
radiolabeling approach yields two radiometric peaks by 
HPLC analysis. The appearance of two peaks results from 
cysteine-conjugated annexin V as well as lysine- 
conjugated annexin V. Thus, the cysteine amino acid of 
annexin V can be either deleted or replaced with other 
non-sulfur containing amino acid to result in a 
monomerically labeled annexin V, see Example IX. Using 
the preformed approach to radiolabel the modified annexin 
V also results in a monomerically labeled annexin V. The 
conjugation can occur through the accessible sulfhydryl 
group of a modified annexin, instead of through the 
lysine residue of the modified annexin. 

For embodiments of the present invention wherein 
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chelating compounds exhibiting rapid complexation of 
radionuclide at room temperature, chelating compounds of 
the following structure may be employed: 



wherein n = 0 to 1 and one or more T substituents 
incorporate a functional group available and suitable for 
conjugation with another conjugate component. In the 
example noted above, a functional group, such as an 
amine, is capable of reacting with the lysine carboxyl 
moiety or an activated ester derivative thereof. 
Alternatively, an active-ester bearing chelating compound 
may be conjugated to an amino functional group, for 
example . 

An esterase -sensitive chelating compound can be used 
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in a variety of the embodiments of the present invention. 
Such embodiments include annexin- chelating compound 
conjugates, including modified annexin- chelating compound 
conjugates, as well as multimer-chelating compound 
conjugates. A hexose moiety cam be utilized in in the 
above embodiments. An esterase-sensitive chelating 
compound is cleaved during the metabolism of the 
radiolabeled protein in the liver to generate 
radioactivity associated catabolites of favorable 
redistribution, resulting in the reduction of background 
radioactivity adjacent to the heart and lungs. It is 
desirable to have a greater fraction of the technetium- 
99m released rapidly by the liver, and then excreted by 
the kidneys. This is accomplished by conjugating an 
esterase-sensitive chelating compound to the annexin 
protein. The ester component of this chelating compound 
is cleaved during metabolism of labeled protein in the 
liver, resulting in greater release of radioactivity from 
the liver into the blood and excreted from the kidneys. 
A preferred esterase-sensitive chelating compound one 
containing N 3 S-serylsuccinate, as described in U.S. 
Patent No. 5,112,953. 

The following structure may be employed with annexin 
to obtain the above mentioned results: 



51 

r-f 

x x 

S HN O 

HOOC II 
O 



wherein R is any acid labile or base labile sulfur 
protecting group known in the art, such as ethoxyethyl 
and R 1 is activated esters which include N- 
hydroxysuccimidate tetraf lurophenyl and tetraf lurophenyl 
and tetrof luro-thiophenyl esters. 

One of ordinary skill in the art is versed in the nature 
and specificity of functional moieties, and such nature 
and specificity are also discussed herein. 

As indicated previously, annexin molecules may be 
modified by the addition of from about 2 to about 6 
terminal amino acid residues to facilitate the 
conjugation reaction between the annexin molecule and a 
chelating compound, or between the annexin molecule and a 
hexose moiety, or between the annexin molecule and either 
a linker or a hexose moiety. For example, terminal amino 
acid residues may be added to provide a sulfhydryl group 
or to provide a group capable of derivatization to a 
maleimide group, with such sulfhydryl and maleimide 
groups available for the conjugation reaction. This 
modification may be made by protein chemistry methods or 
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via production of an appropriate fusion protein or other 
techniques useful therefor. 

In one embodiment of the invention, a recombinant 
annexin molecule is modified at the N-terminus by the 
addition of amino acid residues, provided that at least 
one of the amino acids provides an accessible sulfhydryl 
group. For example, this can be accomplished with the 
addition of at least a single cysteine residue near the 
N-terminus. A preferred modified annexin as defined 
herein is a monomeric form of annexin V with an N- 
terminal extension of the preferred amino acid sequence 
of Ala-Cys-Asp-His-Ser-Met . One advantage of this 
configuration is that with the cysteine near the N- 
terminus, the sulfhydryl and neighboring amide groups 
provide for chelation of the technetium resulting in an 
N 3 S-like stable chelating compound, for direct labeling. 
It is intended within the present invention that adjacent 
amino acid donor atoms from amino acid moieties will wrap 
around the base of the metal oxo bond in a square 
pyramidal arrangement, thus achieving stability, similiar 
to stable chelation achieved by utilzing an N 3 S chelating 
compound . 

Another example of the production of a modified 
annexin molecule contains a single cysteine residue as 
the second residue in an N-terminal extension of six 
amino acids. In this example, the single natural 
internal cysteine residue has been mutated to a non- 
sulfur containing amino acid, such as alanine or serine. 
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A method for mutating the cysteine residue is provided by- 
Example VIII. This amino acid extension provides a 
highly flexible means to attach functional moieties to 
the N- terminal region of an annexin, such as annexin V. 
5 The procedures described herein successfully produce 

monomeric and dimeric modified annexin V molecules. It 
is apparent that the proteins are substantially pure and 
of the expected molecular weight. In addition, any 
pi production of a modified annexin V dimer can be 

i Pe 

10 ^ quantitatively converted to the monomer, by treatment 

M 5 with 2-mercaptoethanol, confirming the presence of the 

pi 

ly\ expected disulfide linkage. 

lf z Measurements of the membrane binding properties of 

iy 

= modified annexin, and the modified annexin dimer in a 

15 %j competition assay against native monomeric annexin V have 

5 . : 

been performed. The dimer is 6 -fold more potent than 
p monomeric annexin V in displacing labeled ligand from the 

membrane. Pharmacokinetic studies disclosed herein have 
shown that the increased molecular weight of the modified 
20 annexin dimer does not slow its rate of disappearance 

from the blood. In fact the modified annexin V dimer is 
removed from the blood at about the same rate as wild- 
type monomeric annexin V. See Table I below. 



25 




54 
Table I 

Pharmacokinetics of US I Iodinated modified annexin V 
Dimer and Annexin V in Mice 



Time Since 
Injection 


Radioactivity in Blood (%ID/g) 


15 min 
60 min 
240 min 


Annexin V Modified Annexin V 

Dimer 

1.27 ± 0.12 1.70 ± 0.02 
0.60 ± 0.04 0.36 ± 0.04 
0.06 ± 0.01 0.06 ± 0.02 



The disclosure of the present invention shows that 
the dimeric molecule of annexin V is likely to have a 
higher affinity for the platelet membrane, most likely 
due to a slower dissociation rate. Thus, this molecule 
may be taken up to a higher level or retained longer in 
the thrombus in vivo, thus improving the target-to- 
background ratio at any given time. 

Radiolabeled annexins, including radiolabeled 
annexin-galactose conjugates and radiolabeled annexin- 
galactose cluster conjugates, of the present invention 
offer an additional advantage over the previously 
prepared I -12 3 -labeled annexins, in that they are 
amenable to packaging in a cold kit. That is, the 
annexin or annexin-galactose or annexin-galactose cluster 
or galactose cluster and chelating compound components 
may be individually vialed and provided separately from 
the Tc-99m component (and, possibly, vialed separately 
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from each other) . When a patient requiring a thrombus 
image is identified, a cold kit may be ordered or 
retrieved from storage; Tc-99m may be obtained from a 
radiopharmacy or other source thereof; the pre -formed or 
post-formed chelation/complexation process is performed; 
the radiolabeled annexin, radiolabeled annexin-galactose 
conjugate or radiolabeled annexin-galactose cluster 
conjugate is administered to the patient; and the patient 
is subsequently imaged. For radiolabeled annexin- 
galactose conjugates, an annexin-galactose conjugate is 
preferably prepared and vialed in the kit. For 
radiolabeled annexin-galactose cluster conjugates, a 
chelating compound-annexin-galactose cluster conjugate is 
preferably prepared and vialed in the kit, although- 
annexin-galactose cluster/chelating compound two 
component or other mult i- component kits may also be used. 

It is contemplated by the present invention that Tc- 
99m can be directly complexed through a specific 
bioengineered site on annexin V, without the need for 
intermediate production of an amine-directed active ester 
containing Tc-99m. To facilitate direct labeling, the 
modified Annexin V N-terminal sequence can consist of 
Ala-Cys-Asp-His-Ser- . . .etc, for example. As the cysteine 
is near the N- terminus, the sulfhydryl and neighboring 
amide groups are able to chelate the technetium resulting 
in an endogenous MAG 3 -like, stable technetium chelate. A 
defined chelate system through an endogenous protein 
sequence can be achieved wherein the adjacent amide donor 
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atoms from amino acid residues wrap around the base of 
the metal oxo bond in a square pyramidal arrangement; 
thus, providing for stable chelation similar to stable 
chelation achieved when using an N 3 S chelate in a 
preformed labeling method. For the endogenous chelationm 
technetium- 9 9m is the preferred radionuclide. 

Lyophilization and vialing of the conjugate 
components in a sterile, pyrogen- free environment may be 
accomplished via techniques, known to persons skilled in 
the art of good manufacturing practices, particularly as 
such practices relate to biological materials. 

Radiolabeled annexins, including radiolabeled 
annexin-galactose conjugates or radiolabeled annexin- 
galactose cluster conjugates, of the present invention 
are administered in such amounts as to deliver a 
diagnostically effective amount of radionuclide to target 
sites. Appropriate administered doses depend on a 
variety of factors that are largely patient specific, and 
practitioners in the art will consider such factors in 
the practice of the present invention. The components of 
the radiolabeled annexin also impact dose amounts in ways 
that are known to be or are routinely ascertainable by 
practitioners in the art. In general, radiolabeled 
annexin, including radiolabeled annexin-galactose 
conjugate or radiolabeled annexin-galactose cluster 
conjugate, is administered to large mammals at a dose 
ranging between about 0.3 and about 300 micrograms/kg 
body weight of the recipient, with from about 3 to about 
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10 micrograms /kg preferred, depending upon the 
physiological characteristics of the patient and the 
ailment involved or suspected. 

A practitioner in the art is capable of identifying 
an appropriate dose and administration route for a given 
recipient with a given ailment. 

Radiolabeled annexins, including radiolabeled 
annexin-galactose conjugates or radiolabeled annexin- 
galactose cluster conjugates, of the present invention 
may be administered in any convenient manner therefor. 
For example, intravenous infusion may be employed to 
administer radiolabeled annexins. Other routes of 
administration also find utility in the practice of the 
present invention. Exemplary additional administration 
routes are injection by the arterial ( e.g. , coronary 
artery) , intracoronary, intralymphatic, intrathecal, or 
other intracavity routes, and the like. 

After administration of the radionuclide, depending 
upon the nature of the radionuclide and the purpose of 
the administration, the recipient may be subject to 
various procedures for detection of radioactive emissions 
from the site or sites at which the radionuclide 
localizes. For example, conjugates containing Tc-99m are 
imageable by a gamma camera. 

The invention is further described through 
presentation of the following examples. These examples 
are offered by way of illustration, and not by way of 
limitation. 
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Example I 

Procedure for Radio labeling an Annexin - N 2 S 2 Chelate 

Conjugate 

Annexin V can be isolated from a variety of tissue 
extracts, such as liver, lung and placenta, in accordance 
with procedures set forth in Funakoshi et al . , Biochem. 
2£: 8087-92, 1987); Tait et al . , Biochem. 27: 6268-76, 
1988; and U.S. Patent No. 4,937,324, for example. In 
addition, annexin V can be expressed in EL. coli , as 
described by Tait et al., ftrchjveg of gipchenugtry $n<j 
FHophvsics 2M: 141-44, 1991. 

Annexin V was radiolabeled with Tc-99m by using a 
diamide dimercaptide N 2 S 2 chelating compound in 
accordance with the OncoTrac® (also referred to as 
Verluma™) Small Cell Lung Cancer Imaging Kit labeling 
procedure described in J. Nucl. Med. 22: 1445-51, 1991. 

A preferred method for radiolabeling annexin V with 
Tc-99m constitutes a modified OncoTrac® kit procedure 
using C-18 Baker purified Tc-99m-N 2 S2-TFP . In this 
procedure, an acidified active ester solution was 
prepared by adding 0.16 ml of 0.2M hydrochloric acid: 
glacial acetic acid (14:2 ratio) to 0.6 ml of 2,3,5,6,- 
tetraf luorophenyl 4,5-bis- (S-l-ethoxy-ethyl- 
mercaptoacetamido) pentanoate (0.3 mg, 0.0005 mole freshly 
dissolved in 0.9 ml of isopropyl alcohol). Then 0 . 5 ml 
of this solution was added to 1.1 ml of Tc-99m-gluconate 
(prepared from 0.12 mg SnCl2 2 H 2 0, 5.0 mg sodium 
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gluconate at pH 6.1-6.3, and 100 mCi/ml of [Tc-99m] 

pertechnetate, i.e. , the first step in the OncoTrac® kit 

labeling procedure) . The reaction mixture was heated at 

75 °C for 15 minutes followed by cooling on ice. The 

resulting Tc-99m transchelated tetraf luorophenyl active 

ester derivative of Tc-99m-4 , 5-bis (thioacetamido) 

pentanoate was, optionally and preferably diluted with 2 

ml water and purified by loading the reaction mixture on 

a conditioned C-18 cartridge (J.T. Baker, Phillipsberg, 

10 J=y NJ) , washing with 2.0 ml of water eight times followed by 

H drying the column for 5 minutes, and eluting with 100% 

^ acetonitrile . The solvent was evaporated under a steady 

stream of N 2 gas. Then 0.15 ml of phosphate buffered 

s saline (PBS), 0.15 ml of annexin V at 2.35 mg/ml, and 0.2 

Q 

15 ml of 0.2 M bicarbonate (pH 10.0) were added for 



conjugation to the Tc-99m-N 2 S 2 chelate. After 20 minutes 



P at room temperature, the Tc- 9 9m-N 2 S 2 - annexin V conjugate 

was purified by passage through a G-25 SEPHADEX® (PD-10) 
column (available from Pharmacia, Piscataway, NJ) 
20 equilibrated with PBS. Fractions (1.0 ml) were 

collected, and those fractions containing annexin V were 
pooled. Protein concentration was determined by UV 
absorption at 280 nm. Tc- 9 9m- annexin V (300 -350 fzg) 
conjugate solution was diluted and stored in PBS 
25 containing bovine serum albumin (BSA) at a final 

concentration of 15-20 mg BSA/ml PBS prior to injection. 



Example II 
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Procedure for Radiolabeling an Annexin - N3S Chelate 

Conjugate 

S-benzoylmercaptoacetylglycylglycylglycine (S -benzoyl 
MAG 3 ) is prepared in accordance with the procedures 
described in U.S. Patent No. 4,965,392. Then 25 
micrograms of S-benzoylmercaptoacetylglycyl-glycylglycine 
is dissolved in 0.10 ml of 1.0 M carbonate buffer (pH 
12) . Then 75 mCi of Tc-99m pertechnetate is added in 
about 1.0 ml followed by 1.0 mg of freshly dissolved 
sodium dithionite (10 mg/ml) . This mixture is heated at 
100 °C, plus or minus 4 °C, for 3 minutes, then is cooled 
in an ice bath for 5 minutes to give Tc-99m-MAG 3 as 
determined by ITLC (CH3CN solvent) ; anion exchange HPLC 
(Beckman AX, 10 micron 0.01M Na 2 SO 4 /0.01M Na 3 P0 4 , pH 
7.0); and reverse phase HPLC (Beckman ODS, 5 micron 2% 
CH3CN/O.OIM Na 3 P0 4 , pH 7.0). 

The Tc-99m-MAG3 complex in carboxylate form is then 
esterified; 0.20 ml IN HCl, 0.30 ml of 0.2M phosphate 
buffer pH 6.0, 10.0 mg 2, 3 , 5, 6-tetraf luorophenol (TFP) in 
0.01 ml 90% CH3CN, and 12.5 mg of EDC (l-(3- 
dimethylaminopropyl) -3-ethylcarbodiimide hydrochloride) 
in 0.10 ml of 90% CH3CN are combined, and the reactants 
are mixed at room temperature (25 °C, plus or minus 2 °C) 
for 1 hour. At this point, a yield of Tc-99m-MAG 3 -TFP 
ester as determined by ITLC {CH3CN solvent); anion 
exchange HPLC (Beckman AX, 10 micron 0.01M Na 2 SO 4 /0.01M 
Na 3 P0 4 , pH 7.0); and reverse phase HPLC (Beckman ODS, 5 
micron 34% CH3CN/O.OIM Na 3 P0 4 , pH 7.0). The preparation 
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is purified using a C-18 Baker column. The reaction 
mixture is, optionally and preferably diluted with 2 ml 
of water and loaded in the column, washed two times with 
water and then eight times with 10% C 2 H 5 OH/0.01M Na 3 P0 4 , 
pH 7.0. The product is eluted with CH 3 CN, and the 
solvent is removed prior to conjugation with annexin V. 

The conjugation of the active ester to annexin V is 
carried out by adding annexin V in a phosphate buffer, pH 
9.5, to the Tc-99m-MAG 3 -TFP ester. The reaction is 
carried out for at least 30 minutes, and the desired 
radiolabeled annexin product is obtained by passage 
through a PD-10 gel filtration column. 



Example III 

Thrombus Imaging With a Radiolabeled Annexin 
A. A nimal Preparation - LA Vascular Thrombi. 
Fasting 25-30 kg Yorkshire swine were sedated with 
intramuscular Telazol (5-10 mg/kg) (commercially 
available from AVECO Co.) and commercially available 
Atropine (1 mg, Elkins-Sinn, Inc., Cherry Hill, NJ) . 
Surital (200 mg) (commercially available from Abbott 
Laboratories) anaesthesia was- administered intravenously. 
The animals were intubated and given inhalation 
anaesthesia of 1.5-2% halothane (commercially available 
from Abbott Laboratories, Abbott Park, ID and 0 2 
sufficient to obtain a deep level of anesthesia and 
physiologic arterial blood gases. Continuous 
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electrocardiographic monitoring was instituted using 
alligator clip electrodes. A cut down in the neck region 
was conducted, and an 8 french catheter (USCI Co, 
Billerica, MA) was placed in the right common carotid 
artery for blood pressure and arterial blood gas 
monitoring as well as for blood sampling. 

The swine were placed in a right lateral decubitus 
position, and a lateral thoracotomy was performed to 
expose the heart. The incision was held open by a 
thoracotomy retractor. The pericardium was opened, and 
the left atrial appendage was isolated from the left 
atrium by a vascular cross- clamp. Rubber tipped forceps 
were used to gently crush the appendage. Five minutes 
later, ricinoleate (1 mg, ICN Pharmaceuticals, Costa 
Mesa, CA) and thrombin (50 mg, Johnson and Johnson Co., 
Arlington, TX) were injected into the LAA (left atrial 
appendage) using a 27 Ga needle. The cross -clamp was 
removed 10 minutes later. 

One hour after the crush injury, Tc-99m-annexin V, 
prepared in accordance with Example I above, was 
administered as an intravenous bolus dose in an ear vein. 
The intravenous line was then flushed with saline. In 7 
animals, 1-125 labeled ovalbumin was administered as a 
non-specific control preparable, for example, by the 
procedure described by Fraker et al . , Biochem . Biophys . 
Res. Commun. 80: 849-57, 1978) . Briefly, 1-125- 
radiolabeled ovalbumin was prepared by the Iodogen 
method, employing 600 fxg ovalbumin (Sigma Chemical Co., 
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St. Louis, MO) and NaI-125 (211101, 0.92 nmol) . 

Image acquisition was performed as described below. 
At the end of the experimental procedure (generally about 
150 minutes) , the animals were sacrificed by an 
intravenous bolus dose of 80 mEq of KCl while the animals 
were still under general anaesthetic. A final blood 
sample was taken for well counting. The heart was 
rapidly excised, washed free of blood and dissected into 
samples for well counting. Additional samples of carotid 
artery, lung, liver, spleen, muscle and kidney were 
obtained in some animals. 

B. Controls . Five different types of controls were 
used: open chest sham; closed chest sham; ovalbumin; 
indium platelets; and non-specific Tc-99m-labeled 
antibody. 

1. Open Chest Sham, In three animals, the heart was 
exposed as above, but the left atrium was not isolated, 
crushed or injected with ricinoleate/thrombin. Marker 
images with a cobalt marker were performed as described 
below, and the Tc-99m-annexin V was injected 30-60 
minutes after LAA exposure. Imaging and sample 
acquisition were identical to that described in A above. 

2. Closed Chest Sham. In seven animals, an ear 
intravenous line was established. No thoracotomy was 
performed. Sedation and anesthesia were identical to 
that described in A above. The Tc-99m-annexin V (+/- 
other control radionuclides, such as 1-125 ovalbumin or 
In-lll-platelets) was administered and image acquisition 
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was performed. 

3. Ovalbumin. 1-125 ovalbumin was administered in 7 
animals as a negative control protein. Ovalbumin has a 
molecular size similar to that of annexin, and exhibits a 
slightly slower blood clearance. 

4. Indium Platelets. In- 111 platelet labeling was 
performed in 7 animals as a positive' well counting label. 
In- 111 radiolabeled platelets were prepared in accordance 
with the procedure described by Stratton et al . , Am. J. 
Cardiol . 42: 874, 1981 and Stratton et al., Circulation 
£J£: 561, 1984. Imaging was not attempted because of the 
long serum half -life of the In-lll-platelets . 

5. Non-specific Tc-Labeled Antibody. In a single 
experiment, a left atrial (LA) thrombi was created by the 
above method, but Tc- 9 9m- Annexin V was not administered. 
Instead, a Tc-99m-Fab fragment of an antibody designated 
as NR-LU-10 was administered. NR-LU-10 is a 150 
kilodalton molecular weight IgG2b monoclonal antibody 
that recognizes an approximately 40 kilodalton 
glycoprotein antigen expressed on most carcinomas. NR- 
LU-10 is a well characterized pancarcinoma antibody that 
has been safely administered to over 565 patients in 
human clinical trials. NR-LU-10-Fab is prepared in 
accordance with known techniques and is radiolabeled in 
accordance with the procedures described in J. Nucl . Med. 
32 : 1445-51, 1991 and by the modified C-18 Baker purified 
Tc-99m-N 2 S 2 -TFP procedure described in Example I for 
preparing radiolabeled annexin V. This Tc-99m-Fab 
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conjugate was designed as a negative control for both 
well counting and imaging. 

c. Imaging . A cobalt marker was placed on the 
exposed surface of the LAA and held in place with 
surgical tape affixed to the thoracotomy retractor. The 
tape was adjusted so that the marker generally moved with 
the LAA with each cardiac cycle. Marker images were 
acquired for 10 seconds in each planar view and 10 
seconds in each tomographic slice. The cobalt marker was 
then removed. 

A General Electric Starport camera with a general 
purpose collimator was used to acquire the Tc-99m images. 
Five minute planar acquisitions were performed 
sequentially in the left lateral, 45 LAO, and anterior 
views. These were followed by a 10 minute tomographic 
acquisition. This full set of 3 planar and 1 tomographic 
acquisitions was repeated for a total of 5 sets. Care 
was taken not to move the pig or imaging gantry during 
the entire imaging sequence . Images were recorded on 

a Microdelta computer slaved to a VAX mainframe system. 
Images were stored on tape or on the VAX hard drive. 
Planar image analysis consisted of first viewing the 
image with the marker and recording the marker position 
on the viewing terminal screen. The first image acquired 
after Tc-99m-annexin V injection was used to define the 
cardiac blood pool . Each subsequent image was viewed and 
analyzed using the marker and initial blood pool as 
references. Each image was scored as positive, equivocal 
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or negative. 

Thirteen animals had left atrial thrombi created and 
were imaged as described above. Twelve animals had Tc- 
99m-annexin V injected for imaging, and one animal had a 
non-specific Tc-99m Fab injected as a control. Closed 
chest imaging was performed in 7 animals without atrial 
injury, and open chest sham experiments were performed in 
3 animals. In animals with atrial thrombi, all planar 
images taken at less than 35 minutes after administration 
of Tc-99m-annexin V were negative. Nine of the atrial 
thrombi planar images taken at greater than 70 minutes 
were positive, 1 was equivocal and 2 were negative. All 
of the tomographic images of atrial thrombi were either 
positive (n=10) or equivocal (n=2) at imaging times of 
greater than 2 hours post injection. The average time in 
which the planar images became positive following 
administration of Tc-99m-annexin V was 82 minutes (35-135 
minutes) . 

None of the closed chest control animals had positive 
images. One of the three open chest shams had a positive 
image at 85 minutes. This false positive is believed to 
result from the production of surgically- induced thrombi. 

These results indicate that intravenous 
administration of Tc-99m-annexin V permitted acquisition 
of diagnostic images identifying atrial vascular thrombi 
within a short time period following conjugate 
administration . 

D. Sample Collection. Samples (both blood and 




67 

tissue) , as described above, were weighed and placed in 
vials for immediate counting of Tc-99m. After the Tc-99m 
had decayed (typically at 5-7 days) , the samples were re- 
assayed to obtain the 1-125 counts. Each vial was counted 
for 1 minute . The counts were corrected for decay, then 
for weight, and recorded as counts per minute per gram. 
The counts per minute per gram for each sample were then 
normalized by dividing the counts per minute per gram of 
the final blood specimen. Consequently, the results for 
each sample were calculated in a ratio with the last 
blood sample, permitting meaningful comparison between 
animals. This procedure was performed for all 
radionuclides in a given experiment. 

Well counting ratios were obtained for a variety of 
tissue samples. For the injured tissues and thrombi, 
multiple specimens were usually taken from the same 
animal. In those cases, the maximum ratio for any one 
specimen is reported, as well as the average of all 
specimens taken. The maximum for each animal was 
averaged across all animals and is reported as the 
Maximum Anx-V Ratio. 

These results indicate that Tc-99m-annexin V 
localizes preferentially to atrial thrombi and injured 
left atrium, with the highest non-target localization 
occurring in the kidney. The kidney level is at least 
partially indicative of excretion of Tc-99m-annexin V via 
the renal route . 
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Example IV 

Radiolabeled Annexin- Galactose Conjugates 

Annexin V -Preparation from human pla centa and by 

expression in Et gg-Zl. Annexin V was purified from human 
placenta to a final purity of 99% as described by 
Funakoshi et . al., Biochemistry flfi r 5572-78, 1987 and 
Tait et. al., Biochemistry 0.1 r 6268-76, 1988. 

Alternatively, annexin V was obtained, but not 
employed in the following experiments, by expression in 
E. coli. This expression was conducted as follows. 

1. Preparation of bulk fermentation supernatant. 
Standard molecular biology techniques were used to 
express annexin V in E. coli. More specifically, the 
protein coding region of annexin V cDNA (see, Funakoshi 
et. al. referenced above) was inserted into the 
Ndel/BamHI site of plasmid pET-12a (Novagen, Madison, 
WI) . The selected plasmid was used to transform E. coli 
strain BL21 (DE3 ) (Novagen). 

Individual colonies (clones) were isolated on Luria 
Broth plates containing 50 g/ml ampicillin or 
carbenicillin, as discussed in Sambrook et al . , 
"Molecular Cloning Laboratory Manual," 2nd ed., Cold 
Springs Harbor Laboratory Press, 1989. For production, 
cultures of the selected clones containing the desired 
plasmid were grown overnight at 37 °C with shaking in 
Terrific Broth (see, Tartof et. al., Bethesda Res. Lab. 

/ 2.: 12, 1987) containing 50 /zg/mL carbenicillin 
(commercially available from Sigma Chemical Co., St. 
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Louis, Missouri). The culture was diluted 1:20 in the 

o 

same medium and incubated at 37 C with shaking for 18-24 
hr. The bacteria were harvested by cent rifugat ion, 
washed once with an equal volume of 0.05 M Tris-HCl, 0.15 

o 

M sodium chloride, pH 8, and stored as pellets at -20 C. 
Pellets were thawed and resuspended with 10-15% (w/v) 
cold 0.05 M Tris-HCl, 0.02M Na 4 EDTA, pH 7.2. The 
suspension was sonicated for 4 min on ice, centrifuged, 

o 

and the supernatant stored at -70 C. 

2. Purification of annexin V from bulk fermentation 
supernatant. After thawing, the supernatant was filtered 
using a 0.1 jum hollow fiber. unit (commercially available 
from A/G Technology, Needham, MA) , and the conductivity 
adjusted with concentrated sodium chloride to equal 0.02 
M Tris-HCl, 0.5 M sodium chloride, pH 8. 
Polyethyleneimine-WP (J.T. Baker, Phillipsberg, NJ) was 
suspended in 0.02 M Tris-HCl, 0.5 M sodium chloride, pH 
8, and 1 g of resin per 10 ml of bulk fermentation 
supernatant was added to the filtered supernatant . After 
stirring for 3 0 min, the supernatant was removed, 
exchanged into 0.02 M Tris-HCl, pH 8, and applied to a Q- 
SEPHAROSE® HP column (Pharmacia, Piscataway, NJ) 
equilibrated in the same buffer. The column was 
developed with a step gradient of 0-0.5 M sodium 
chloride. Fractions were assayed for annexin V by size 
exclusion HPLC, and fractions containing A 2 so absorbing 
material of appropriate size were pooled. The semi- 
purified annexin V was exchanged into PBS and 
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concentrated by ultra-filtration. Gel filtration over 
SEPHACRYL® 100 HP (Pharmacia) equilibrated in PBS yielded 
the purified protein. The protein concentration was 
adjusted to 1 mg/ml, sterile 0.2 filtered, and stored 
at 2-8 °C. 

B. Derivatization of Annexin V with Galactose. The 
general method of Lee et al., Biochemistry 15.: 6268-76, 
1976 was followed. 

a. Preparation of 2-imino-2-methoxyethyl-l-thio- 
D-galactopyranoside . 

A 1.0 M solution of cyanomethyl-2, 3 , 4 , 6-tetra-O- 
acetyl-l-thio- -D-galactopyranoside (commercially 
available from Sigma Chemical Company, St. Louis, MO) was 
prepared by dissolving 1.83 g (4.5 mmole) in 4.5 ml 
anhydrous methanol with heating to 50 °C. The solution 
was maintained at 50 ^C, and 0.1 ml (0.45 mmole) of 25% 
sodium methoxide in methanol (commercially available from 
Aldrich Chemical Company, Milwaukee, WI) was added with 
continuous stirring. After 6 hr at 50 °C, the methanol 
was removed under reduced pressure yielding the galactose 
methyl imidate as a colorless, viscous oil. 

b. Galactosylation of annexin V 

The galactose methyl imidate was offered to annexin V 
in molar ratios of 300:1, 150:1, and 75:1. For the 300:1 
offering, 3.35 mg of galactose methyl imidate in methanol 
was taken to an oil under a stream of nitrogen. To the 
oil was added 2.53 mg of annexin V in 0.05 M HEPES buffer 
(commercially available from Sigma Chemical Co., St. 
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Louis, Missouri), pH 7.4 and 0.04 ml of 0.5 M sodium 
borate buffer, pH 8.5. The solution was mixed for 1 hr 
at room temperature by tumbling the reaction vessel, and 
was then allowed to stand at room temperature overnight 
(approximately 18 hr) . The reaction mixture was diluted 
with 0.4 ml PBS, transferred to dialysis tubing (6000- 
8000 MW cut-off), and dialyzed 24 hr against PBS. After 
removing the material from the dialysis bag, the solution 
was filtered through a 0.2 /zm syringe filter. The other 
offering levels were conducted analogously. 

C. Characterization of Galactose-Derivatized Annexin 
V. Protein concentration was determined using A28O °f 
0.6 for a 1 mg/ml solution of annexin V. The number of 
galactose residues per molecule of annexin V was 
determined by measuring the total number of reactive 
amines on annexin V before and after reaction with 
galactose methyl imidate using trinitrobenzenesulf onic 
acid, as described by Habeeb, Analytical Biochemistry 1£: 
328-36, 1966. 

Offering Ratio Substitution Ratio 

300:1 4.7:1 
150:1 2.3:1 
75:1 1.1:1 

The ability of galactose-modif ied annexin V to bind to 

activated platelets was assessed by determining its 

125 

ability to inhibit the binding of unmodified, I 
radiolabeled annexin V to freshly isolated human 
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platelets, following the method of Thiagarajan and Tait 
J . Biol. Chem. . 265 : 17240-43, 1990. The following table 
shows the results of the competition assay, both in 
absolute value (left column) and in a value normalized to 
100% for unmodified annexin V (right column) . 

Substitution Ratio Competition Competition 



(% of (% of 

control) control) 

4.7 0 0 

2.3 5.7 7.6 

1.1 21.4 28.7 

unmodified 74.5 100 



n. Preparation of Tc- 9 9m- Annexin V-Galactose. 
Annexin V-galactose was radiolabeled with technetium- 9 9m 
using a diamide dimercaptide (N 2 S 2 ) chelating compounds 
as described by Kasina et. al., J. Nucl. Med. 22.- 1445- 
51, 1991. The preformed active ester chelating compound 
was diluted with 2 . 0 ml water and purified before 
conjugation to annexin V-galactose using a modified 
conditioned C-18 column (commercially available from J.T. 
Baker), as described by Fritzberg et. al., Proc. Natl. 
Acad. Sci. USA 85 : 4025-29, 1988, washing with 2 . 0 ml 
water eight times followed by drying the column for 5 min 
and eluting with 100% acetonitrile . The solvent was 
removed under a steady stream of N 2 - Then 0.15 ml of 
PBS, 0.35 ml of annexin V-galactose (4.7:1 
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galactose :annexin V) at 1.0 mg/ml, and 0.2 ml of 0.2M 
bicarbonate buffer (pH 10.0) were added for conjugation 
to Tc-99m-N2S 2 -TFP ester. After 20 min at room 
temperature, the Tc-99m-annexin V-galactose conjugate was 
purified by passage through a G-25 SEPHADEX® PD-10 column 
(commercially available from Pharmacia) equilibrated with 
PBS. 

Fractions of 1.0 ml were collected, and fractions 
containing annexin V were pooled. Protein concentration 
was determined by UV absorption at 280 nm. The 
radiochemical yield of the conjugate was 35.3%. The 
radiochemical purity was 99.8%, as assessed by instant 
thin layer chromatography on silica gel impregnated glass 
fiber sheets developed in 12% w/v aqueous trichloroacetic 
acid. The ITLC sheets were cut into two halves, and each 
half was counted in a gamma counter or a dose calibrator. 
The radiolabeled annexin V-galactose conjugate 
precipitated at the origin, and any non-protein-bound 
radioactivity migrated with the solvent front in this 
solvent system. Tc-99m-annexin V-galactose conjugate 
(300-350 g) solution was diluted and stored in PBS 
containing bovine serum albumin (commercially available 
from Sigma Chemical Co.) at a final concentration of 15- 
20 mg/ml PBS prior to intravenous injection. 
E. Blood Clearance of Tc-99m-Annexin V and of Tc-99m- 
Annexin V-Galactose. An animal model, as previously 
described in Example III, was employed to evaluate blood 
clearance of the molecules. For N=20 swine, the blood 
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clearance (Figure 2) is biphasic (biexponential) : 
%ID/g a = 0.0389 tl/2 a = 9.6 min 
%ID/g b = 0.0300 tl/2 b = 46 min 
a + b = 0.0689, therefore 57% (0.0389/0.0689) of the 
injected dose/gram of blood is cleared in the faster a 
phase and 43% of the ID/g is cleared in the slower b 
phase . 

Blood clearance of Tc-99m-annexin V-galactose in the 
swine (Figure 2) is also biphasic (biexponential) : 

%ID/g a = 0.0313 tl/2 a = 3.5 min 
%ID/g b = 0.0045 tl/2 b = 160 min 

a + b = 0.0358, therefore 87% (0.0313/0.0358) of the 
injected dose/gram of blood is cleared very quickly in 
the early a phase. This more rapid clearance reduces the 
background radioactivity in the blood compartment, i.e. . 
the noise, and therefore improves the signal to noise 
ratio. Consequently, thrombus imaging can be achieved at 
shorter time points. 

EWtfgliS V 
Chelating Compound Preparation 

4.4 - Di ethoxycarbonvlproDvl - 1,3 - dianiline: A 
stirred solution of 2.065 g (1.25 mole) ethyl-4 -amino 
benzoate, 14.3 5 mL (0.125 mole) 1, 3 -di-iodopropane and 
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10.5 g (0.125 mole) sodium bicarbonate in 500 mL dry DMSO 
is heated at 100 °C for 3 hours under nitrogen. Upon 
cooling, the mixture is poured into 2 L of ice water with 
stirring, and the resulting precipitate is collected by 
filtration. The precipitate is then washed with glacial 
acetic acid (14 x 75 mL) until all of the starting ethyl - 
4-aminobenzoate has been removed. After drying in vacuo, 
the product, thus obtained, is used in the next step 
without further purification. 

1 . 3 -Pi (2 -imino-6-ethoxvcarbonvlbenzthiazolvl- 
3 - ) propane : Ammonium thiocyanate (16.5 g, 0.217 mole) is 
added to a magnetically stirred suspension of 4,4- 
diethoxycarbonylpropyl-1, 3-dianaline (10.0 g, 0.27 mole) 
in 1500 mL glacial acetic acid. A solution of bromine 
(34.6 g, 0.216 mole) in 100 mL glacial acetic acid is 
then added dropwise to the suspension with stirring at 
room temperature. After stirring the reaction mixture 
overnight at room temperature, the dihydrobromide salt of 
the crude product is collected by filtration and dried. 
The product is isolated by dissolving the crude product 
in hot water, adjusting to basic pH with the addition of 
saturated sodium bicarbonate solution, collecting the 
precipitate by filtration, and drying in vacuo. 
NT.N'-Bisf 2-disulfidvl-4 - hvdr oxvcarbonvlohenvl ) - 1 , 3 - 
propyldi amine : Solid potassium hydroxide (20.0 g, 0.357 
mole) is added to a suspension of 1, 3-di (2-imino-6- 
ethoxycarbonylbenzthiazolyl -3-) propane (1.0 g, 0.002 
mole) in 40 mL distilled water, and the resulting mixture 
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is heated at 120 °C for 12 hours. Complete dissolution 
occurs after 1 hour. The reaction mixture is then cooled 
in an ice bath, and the pH is adjusted to 5.0 with 5.0 N 
acetic acid. The aqueous solution is then extracted with 
three 100 mL portions of ethyl acetate. The combined 
ethyl acetate extracts are dried over anhydrous sodium 
sulfate, and the drying agent is filtered. Removal of 
solvent yields the product. 

To this point, this synthesis is shown schematically 
in Figure 3 . 

N,N* -bis (2-disulf idvl- 4 -hvdroxycarbonylphenyl) -1.3- 

propyldiamine mono- (methyl -frminocaproatQ) adtiuct . To a 

mixture of N,N' -bis (2-disulf idyl -4 -hydroxy - 
carbonylphenyl) -1, 3-propyldiamine and 2-3 equivalents of 
methyl 6-aminohexanoate hydrochloride (prepared as 
described below in Example VI) in dimethyl formamide is 
added 10 equivalents of triethylamine followed by 0.9-1.0 
equivalent of BOP (benzotriazol-l-yloxy-tris- (dimethyl - 
amino) -phosphonium hexaf luorophosphate) . The mixture is 
stirred at 15-30°C for 2-24 hours and then concentrated. 
The residue is diluted with deionized water, and the pH 
is adjusted to approximately 2 with 1 N aqueous 
hydrochloric acid. The mixture is again concentrated. 
The residue is chromatographed on silica gel. The 
chromatographic fractions containing product are combined 
and concentrated to afford the product. 

This chelating compound is amenable to use with a 
suitable trifunctional linker or a pair of bifunctional 
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linkers to form a radiolabeled annexin-galactose cluster 
conjugate of the present invention. The use thereof with 
a pair of bifunctional linkers is addressed in the 
following example. 

EXAMPLE VT 

Radiolabeled Annexin- Galactose Cluster Conjugates 
Bifunctional Linker Approach 

A. Preparation of an Eight Galactose Cluster. 

This procedure is schematically shown in Fig. 5. 

Methyl 6-bromohexanoate . To a 1 L round bottom 
flask, charged with 20 g (102.5 mmol) of 6-bromohexanoic 
acid and 500 mL of methanol, was bubbled hydrogen 
chloride gas for 2-3 minutes. The mixture was stirred at 
room temperature for 4 hours and concentrated to afford 
21.0 g of the product as a yellow oil (99%) : X H-NMR 
(200MHz, d 6 -DMSO) ; 3.57 (s, 3H) , 3.51 (t, 2H) , 2.30 (t, 
2H) , 1.78 (pentet, 2H) , and 1.62-1.27 (m, 4H) ppm. 

Methyl 6-aminohexanoate hydrochloride . To a 1 L 
round bottom flask, charged with 40.0 g aminocaproic 
acid, was added 500 mL of methanol. Hydrogen chloride 
gas was bubbled through the mixture for 5 minutes, and 
the mixture was stirred at room temperature for 5 hours. 
The mixture was then concentrated via rotary evaporation 
and then under full vacuum pump pressure (<0.1 mm Hg) to 
afford 55 g of the product as a white solid (99%) : X H-NMR 
(200 MHz, CD 3 OD) ; 3 . 67 (s, 3H) , 3.02 (t, 2H) , 2.68 (s, 
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3H) , 2.48 (t, 2H) , and 2.03-1.87 (pentet, 2H) ppm. 

Methyl 6- (trifluoroacetamido) -hexanoate: To a 1 L 
round bottom flask, charged with 25.0 g (138 mmol) of 
methyl 6-aminohexanoate hydrochloride and 500 mL of 
methylene chloride, was added 24 mL (170 mmol) 
trif luoroacetic anhydride. The mixture was cooled in an 
ice bath, and 42 mL (301 mmol) of triethylamine was added 
over a 25-30 minute period. The mixture was stirred at 
0°C to room temperature for 2 hours and then 
concentrated. The residue was diluted with 150 mL of 
diethyl ether and 150 mL of petroleum ether, and the 
resulting solution was washed first with 1 N aqueous HCl 

(3 x 150 mL) and then with saturated aqueous sodium 
bicarbonate (3 x 150 mL) . The organic phase was dried 
over magnesium sulfate, filtered and concentrated to give 
32.9 g of the.product as a pale yellow oil (99%) : X H- 
NMR (200MHz, d 6 -DMS0) ; 9.39 (m, 1H) , 3.57 (s, 3H) , 3.14 

(q, 2H) , 2.29 (t, 2H) , 1.60-1.38 (m, 4H) , and 1.32-1.19 

(m, 2H) ppm. 

fsf.KP -Bis (6-methoxycarbonylhe xyl) amine hydrochloride. 
To a 500 mL dry round bottom flask, charged with 12.0 g 
(50.0 mmol) of the secondary amide, methyl 6- 
(trifluoroacetamido) -hexanoate, and 250 mL of dry 
tetrahydrofuran, was added 2.2 g (55 mmol, 1.1 equiv) of 
60% sodium hydride. The mixture was stirred at room 
temperature for 30 minutes and then 10.25 g (49.0 mmol, 
0.98 equiv) of the alkyl bromide, methyl 6- 
bromohexanoate, was added. The mixture was stirred at 
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reflux for 3 hours, an additional 5.80 g (27.7 mmol, 0.55 
equiv) of methyl 6-bromohexanoate was added, and the 
mixture was stirred at reflux for 70 hours. The mixture 
was cooled, diluted with 150 mL of 1 N aqueous HCl and 
then extracted with ethyl acetate (3 x 100 mL) . The 
organic extracts were combined, dried over magnesium 
sulfate, filtered and concentrated. The residue was 
diluted with 200 mL of methanol and then treated with 30 
mL of 10 N aqueous sodium hydroxide. The mixture was 
stirred at room temperature for 18 hours and then 
concentrated. The residue was diluted with 200 mL of 
deionized water and acidified to pH 1-2 with 37% 
concentrated HCl. The solution was washed with diethyl 
ether (3 x 100 mL) . The aqueous phase was concentrated. 
The residue was diluted with 200 mL of methanol and 
reconcentrated. The subsequent residue was diluted with 
250 mL of methanol, and HCl gas was bubbled through for 
2-3 minutes followed by stirring at room temperature for 
3 hours. The mixture was concentrated. The residue was 
diluted with 300 mL of methanol and filtered to remove 
inorganic salts. The filtrate was treated with 3 g of 
activated charcoal, filtered through Celite (manufactured 
by J.T. Baker) and concentrated. The residue, an off- 
white solid, was recrystallized from 100 mL of 2-propanol 
to afford 7.0 g of the product as a white solid. 
Concentration of the filtrate and further 
recrystallization of the residue yielded an additional 
1.65 g of the product for a total of 8.65 g (56%) : X H- 
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NMR (200MHz, d 6 -DMSO) ; 3.57 (s, 3H) , 2.90-2.73 (m, 4H) , 
2.30 (t, 4H), 1.67-1.44 (m, 8H) , and 1.37-1.20 (m, 4H) 
ppm. 

Methyl 4- methylaminobutyrate hydrochloride. To a 1 L 
round bottom flask, charged with 30.0 g (195 mmol) of 4- 
methylaminobutyric acid and 500 mL of methanol, was 
bubbled HCl gas for 1-2 minutes. The mixture was stirred 
at room temperature for 3-4 hours and then concentrated 
to afford 32.5 g of the product as a foamy, off-white 
solid (99%): X H-NMR (200 MHz, CD 3 OD) ; 3.67 (s, 3H) , 3.03 

(t, 2H) , 2.68 (s, 3H) , 2.48 (t, 2H) , and 2.03-1.87 

(pentet, 2H) ppm. 

4-Mgthylaminobutanol . To a 1 L round bottom flask, 
charged with 32.5 g (194 mmol) of the ester, methyl 4- 
methylaminobutyrate hydrochloride, was added 500 mL of 1 
M borane in tetrahydrofuran over a 1 hour period at 0°C. 
After the addition was complete, the mixture was refluxed 
for 20 hours, cooled to 0°C, and the excess borane was 
destroyed by careful addition of 100 mL of methanol. 
After all the methanol was added, the mixture was stirred 
at room temperature for 1 hour and then concentrated. 
The residue was diluted with 400 mL of methanol and then 
HCl gas was bubbled into the solution for 5 minutes. The 
mixture was refluxed for 16 hours. The mixture was 
cooled, concentrated and then diluted with 250 mL of 
deionized water. The product was initially free based by 
addition of 10 N aqueous sodium hydroxide, to a pH of 9- 
9.5, and then by addition of 70 g of AG 1 X- 8 anion 
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exchange resin (hydroxide form) commercially available 
from BioRad, Richmond, CA) , and by stirring the solution 
for 2 hours. The resin was filtered off and washed with 
150 mL of deionized water. The aqueous filtrates were 
combined and concentrated. The residue was diluted with 
200 mL of 2-propanol and filtered. The collected solids 
were rinsed with 100 mL of 2-propanol. The organic 
filtrates were combined and concentrated. The residue 
was distilled under reduced pressure to afford 12.85 g of 
the product as a colorless oil (bp 68 °C at 0.1-0.2 mm HG; 
64%): X H-NMR (200 MHz, D 2 0) ; 3.52 (t, 2H) , 2.56 (t, 2H) , 
2.31 (s, 3H) , and 1.65-1.43 (m, 4H) ppm. 

4- (N-Methvl- trif luoroacetamido) -1-butanol. To a 250 
mL round bottom flask, charged with 10.0 g (96.9 mmol) of 
the amine, 4-methylaminobutanol, in 100 mL of dry 
methanol, was added 17.5 mL (147 mmol) of ethyl 
trif luoroacetate . The mixture was stirred at room 
temperature for 24 hours and then concentrated to afford 
18.55 g of the product as a near colorless oil (96%) : 
X H-NMR (200 MHz, D 2 0) ; 3.63 and 3.50 (2t's, 4H) , 3.20 and 
3.05 (d and s, 3H) , and 1.82-1.47 (m, 4H) ppm. 

1- fp-Toluenesulfonyloxy) -4- (N-methyl- 
trif luoroacetamido) butane . To a 1 L dry round bottom 
flask, charged with 17.0 g (85.4 mmol) of the alcohol, 4- 
(N-methyl-trif luoroacetamido -1-butanol, in 400 mL of 
methylene chloride, was added 17.1 g (89.7 mmol, 1.05 
equiv) of toluenesulf onyl chloride followed by 30 mL (213 
mmol, 2.5 equiv) of triethylamine at 0°C over a 10 minute 
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period. The mixture was stirred at 0°C to room 
temperature for 15 hours and then washed with 5% v/v 
aqueous HCl (3 x 200 mL) . The organic phase was dried 
over magnesium sulfate, filtered and concentrated. The 
residue was chromatographed on silica gel, eluting with 
50:50 hexane/methylene chloride and then with methylene 
chloride, to give 25.1 g of the product as a pale yellow 
Oil (83%): ^-NMR (200 MHz, CDCL 3 ) ; 7.80 (d, 2H) , 7.37 
(d, 2H) , 4.07 (m, 2H) , 3.41 (m, 3H) , 3.09 and 2.98 (q and 
s, 3H) , 2.45 (s, 3H) , and 1.68 (m, 4H) ppm: TLC 
(methylene chloride) R f = 0.31. 

1 -fi- ( 2 . 3 . 4 . 6-tetra-O-acetvl-beta-D-aalacto- 
pyranosvl ) - 2 - 1 hiopseudou rea hydrobromide . To a 250 mL 
round bottom flask, charged with 5.08 g (60.8 mmol, 1.09 
equiv) of thiourea and 36 mL of acetone, was added 25.0 g 
(66.7 mmo9l) of tetra-acetyl-alpha-D-galactopyranosyl 
bromide. The mixture was stirred at reflux for 15-20 
minutes and then cooled on ice. The mixture was filtered 
into a Buchner funnel and rinsed with 25 mL of ice cold 
acetone. The solids were treated with 50 mL of acetone, 
refluxed for 15 minutes, cooled on ice, and filtered. 
The solids were rinsed with 25 mL of cold acetone, air 
dried and then dried under vacuum to give 22.6 g of the 
product as a white solid (76%) : X H-NMR (200MHz, d 6 - 
DMSO) ; 9.4-9.0 (broad d, 4H) , 5.63 (d, 1H) , 5.38 (d, 1H) , 
5.23 (dd, 1H) , 5.09 (t, 1H) , 4.40 (t, 1H) , 4.04 (dd, 1H) , 
2.13 (s, 3H) , 2.08 (s, 3H) , 2.00 (s, 3H) , 1.93 (s, 3H) 
ppm. 
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4- (N-Methvlaminobutvl) -l-t- hio-beta-n- 
qalflCtQPYranQSide - To a 500 mL round bottom flask, 
charged with 20.7 g (42.5 mmol, 1.07 equiv) of the 
thiopseudourea hydrobromide prepared as described above 
in 70 mL of deionized water, was added 6.4 g (46.3 mmol, 
1.16 equiv) of potassium carbonate and 4.7 g (45.2 mmol, 
1.13 equiv) of sodium bisulfite followed immediately by 
14.1 g (39.9 mmol, 1.0 equiv) of the tosylate, 1- (p- 
toluenesulfonyloxy) -4- (N-methyl- 

trif luoroacetamido) butane, in 70 mL of acetone. The 
mixture was stirred at room temperature for 16 hours. 
The mixture was diluted with 50 mL of brine and extracted 
with ethyl acetate (3 x 200 mL) . The organic extracts 
were combined, dried over magnesium sulfate, filtered and 
concentrated. The residue was chromatographed on silica 
gel, eluting first with 75% methylene chloride/hexane, 
followed by methylene chloride, then with 2% 
methanol/methylene chloride and finally with 10% 
methanol/methylene chloride. Fractions containing 
alkylation product with different degrees of acetylation 
were combined and concentrated. The residue was diluted 
with 250 mL of methanol and 150 mL of deionized water and 
treated with 110 g of AG-1 X-8 resin (hydroxide form; 2.6 
m equiv/g dry weight) commercially available from BioRad. 
The mixture was stirred at room temperature for 18 hours. 
The mixture was filtered, and the resin was rinsed with 
methanol (2 x 150 mL) . The filtrates were combined and 
concentrated to afford 6.1 g of product (54%) : Hl-NMR 
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(200 MHz , D 2 0) ; 4.38 (d, 1H) , 3.88 (d, 1H) , 3.69-3.41 (m, 
5H) , 2.82-2.64 (m, 4H) , 2.43 (s, 3H) , and 1.68-1.57 (, 
4H) ppm. 

N-BOC-Bis-methylester . To 1.00 g (3.23 mmol) of the 
amine hydrochloride, N f N-bis- (6-methoxycarbonyl- 
hexyl) amine hydrochloride prepared as described above, 
was added 1.5 mL (10.6 mmol) of triethylamine followed by 
875 mg (3.55 mmol, 1.1 equiv) of BOC-ON, 2- (tert- 
butoxycarbonyloxyimino) -2-phenylacetonitrile . The 
mixture was stirred at room temperature for 18 hours and 
then concentrated. The residue was diluted with 100 mL 
of ethyl acetate and washed with 1 N aqueous hydrochloric 
acid (3 x 50 mL) , followed by saturated aqueous sodium 
bicarbonate (2 x 50 mL) . The organic phase was dried 
over magnesium sulfate, filtered and concentrated. the 
residue was chroma tographed on silica gel, eluting with 
15% (percentage by volume) ethyl acetate/hexane . 
Chromatographic fractions containing product were 
combined and concentrated to afford 990 mg of product as 
a near colorless oil (83%) . 

N-BOC-Bis-acid . To 980 mg (2.62 mmol) of the diester 
prepared in the previous step in 10 mL of methanol was 
added 5 . 8 mL of 1 N aqueous sodium hydroxide (5.8 mmol) . 
The mixture was stirred at room temperature for 16 hours 
and then concentrated. The residue was diluted with 30 
mL of deionized water and acidified to pH 1.5-2. The 
mixture was extracted with ethyl acetate (6 x 50 mL) . 
The organic extracts were dried over magnesium sulfate, 
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filtered and concentrated. The residue was 
chromatographed on reverse phase C-18 silica gel 
commercially available from J.T. Baker, eluting with 65% 
methanol/water . Chromatographic fractions containing 
product were combined and concentrated to afford 851 mg 
of product as a near colorless oil (94%) . 

N-BOC-Tetra-methyl ester. To 825 mg (2.39 mmol) of 
the bis-acid prepared as described above in 35 mL of dry 
dimethylf ormamide, was added 1.75 g (5.65 mmol, 2.3 6 
equiv) of amine hydrochloride, N,N-bis- fe- 
me thoxycarbonylhexyl) amine hydrochloride, and 3.0 mL of 
triethylamine followed by 2.4 g (5.4 mmol, 2.3 equiv) of 
BOP. The mixture was stirred at room temperature for 17 
hours and then concentrated. The residue was diluted 
with 100 mL of ethyl acetate and washed with 1 N 
hydrochloric acid (3 x 50 mL) followed by washing with 
aqueous sodium bicarbonate (2 x 50 mL) . The organic 
phase was dried over magnesium sulfate, filtered and 
concentrated. The residue was chromatographed on silica 
gel, eluting with ethyl acetate. Chromatographic 
fractions containing product were combined and 
concentrated to afford 1.63 g of the product as a near 
colorless oil (80%) . 

N-BOC-Tetra-acid. To a solution of 1.41 g (1.65 
mmol) of tetra-methyl ester prepared as described above 
in 25 mL of methanol was added 7.4 mL (7.4 mmol) of 1 N 
aqueous sodium hydroxide. The mixture was stirred at 
room temperature for 22 hours and then concentrated. The 
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residue was diluted with 30 mL of deionized water and 
acidified to pH 2 with 1 N aqueous hydrochloric acid. 
The mixture was extracted with 3:1 (ratio by volume) 
ethyl acetate/isopropanol (3 x 100 mL) . The organic 
extracts were concentrated. The residue was 
chromatographed on reverse phase C-18 silica gel, eluting 
initially with 50:50 (ratio by volume) methanol/water and 
eventually with 75:25 methanql/water . Chromatographic 
fractions containing product were combined and 
concentrated to afford 1.19 g of the product as a 
colorless oil (90%) . 

N-BOC Octa-methyl ester . To a mixture of 501 mg 
(0.626 mmol) of tetra-acid prepared as described above 
and 30 mL of dry dimethylf ormamide was added 968 mg (3.12 
mmol, 5.0 equiv) of amine hydrochloride, N,N ( -bis-(6- 
methoxycarboxyhexyl) amine hydrochloride, and 2.0 mL (14.2 
mmol) of triethylamine, followed by 1.22 g (2.76 mmol, 
4.6 equiv) BOP. The mixture was stirred at room 
temperature for 19 hours and then concentrated. The 
residue was diluted with 75 mL of ethyl acetate and 
washed with 1 N aqueous hydrochloric acid (2 x 50 mL) . 
The organic phase was dried over magnesium sulfate, 
filtered and concentrated. The residue was 
chromatographed on reverse phase C-18 silica gel, eluting 
initially with 60:40 methanol/water and eventually with 
90:10 methanol/water. The chromatographic fractions 
containing product were combined and concentrated to 
afford 715 mg of the product as a colorless oil (63%) . 
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N-BOC Octa-acid . To a solution of 715 mg (0.3 93 
mmol) of octa-methyl ester prepared as described above in 
20 mL of methanol was added 6 mL of 1 N aqueous sodium 
hydroxide (6 mmol) and 5 mL of deionized water. The 
mixture was stirred at room temperature for 16 hours and 
then concentrated. The residue was diluted with 20 mL of 
deionized water, and the solution was acidified to pH 
1.5-2.0. The mixture was concentrated, and the residue 
was chromatographed on reverse phase C-18 silica gel, 
eluting initially with 50:50 methanol/water and 
eventually with 80:20 methanol/water. The 
chromatographic fractions containing product were 
combined and concentrated to afford 647 mg of the product 
as a near colorless oil (96%) . 

The above procedure is designed for the formation of 
a galactose cluster of 8 galactose residues. The four 
galactose version can be made in accordance with this 
procedure by proceeding from the tetra acid to the 
galactose derivatization step, which is described below 
for the 8-galactose cluster. Similarly, 16, 32, etc. 
galactose cluster constructs can be prepared in 
accordance with the present invention by introduction of 
more iterationis of the methyl ester and acid formation 
steps. More specifically, the 16 -methyl ester construct, 
the 16-acid, the 32-methyl ester and so on would be 
prepared essentially as described above for the tetra and 
octa forms. When the desired number of acid residues are 
formed, the galactose derivatization step is employed, 



88 



with the proportions of the components adjusted to 
accommodate the number of acid residues. 

M-BOC-Octa-qalactosyl construct. To a mixture of 161 
mg (94 mmol) of octa-acid prepared as described above and 
225 mg (906 micromol, 9.64 equiv) of galactose amine, 4- 
N-methylaminobutyl) -1-thio-beta-D-galactopyranoside, in 8 
mL of dry dimethyl formamide was added 0.5 mL (3.54 mmol) 
of triethylamine followed by 371 mg (839 micromol, 8.4 
equiv) of BOP. The mixture was stirred at room 
temperature for 17 hours and then concentrated. The 
residue was chromatographed on reverse phase C-18 silica 
gel, eluting initially with 40:60 methanol/water and 
finally with 70:30 methanol/water. The chromatographic 
fractions containing product were combined and 
concentrated to afford 170 mg of the product as a near 
colorless oil (47%) . 

Octa-oalactosvl amine. To 170 mg of the N-BOC-octa- 
galactosyl construct prepared as described above was 
added 5 mL of trif luoroacetic acid. The mixture was 
stirred at room temperature for 10 minutes and then 
concentrated. The residue was diluted with 10 mL of 
methanol and reconcentrated. The residue is used without 
further purification. 

B. Extender-Galactose Cluster Preparation. 

This procedure is schematically shown in Fig. 6. 

Methyl 6 - (N-BOC) -aminocaproate . To a mixture of 
amine hydrochloride, methyl- 6 -aminohexanoate 
hydrochloride, prepared as described above is added 1.1 
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equivalents of BOC-ON followed by 2-3 equivalents of 
triethylamine. The mixture is stirred at 15-30°C for 16- 
24 hours and the concentrated. The residue is dissolved 
in ethyl acetate and washed with 1 N aqueous hydrochloric 
acid and then with saturated aqueous sodium bicarbonate. 
The organic phase is dried over magnesium sulfate, 
filtered and concentrated via reduced pressure rotary 
evaporation. The residue is chromatographed on silica 
gel, eluting with 25% ethyl acetate/hexane . The 
chromatographic fractions containing the product are 
combined and concentrated to afford the product . 

6- (N-BOC) -aminocaproic arid. To a solution of the 
methyl ester, methyl 6- (N-BOC) -aminocaproate> in methanol 
is added 1.5 equivalents of 1 N aqueous sodium hydroxide. 
The mixture is stirred at 15-30°C for 16-24 hours and 
then concentrated. The residue is diluted with deionized 
water and extracted with ethyl acetate. The organic 
extracts are combined, dried over magnesium sulfate, 
filtered and concentrated. The residue is 
chromatographed on silica gel, eluting initially with 25% 
ethyl acetate/hexane and finally with 100% ethyl acetate. 
The chromatographic fractions containing the product are 
combined and concentrated to afford the product. 

N-BOC extended octa-aala ctosyl construct . To a 
solution of the octa-galactosyl amine prepared as 
described above in dimethyl formamide and 1.5-3 
equivalents of 6- (N-BOC) -aminocaproic acid is added 4-6 
equivalents of triethylamine followed by 1.1-1.5 
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equivalents of BOP. The mixture is stirred at 15-30°C 
for 4-24 hours and then concentrated. The residue is 
diluted with deionized water, and the pH is adjusted to 
1.5-2.0 by addition of 1 N aqueous hydrochloric acid. 
The mixture is washed with ethyl acetate. The aqueous 
phase is concentrated, and the residue is chromatographed 
on reverse phase C-18 silica gel, eluting initially with 
50:50 methanol/water and finally with 65:35 
methanol/water . The chromatographic fractions containing 
product are combined and concentrated to afford the 
product . 

Amine ex tended octa-calactosvl construct.. To the N- 
BOC protected amine prepared in the previous step is 
added trif luoroacetic acid. The mixture is stirred at 
15-30°C for 10 minutes .and then concentrated. The 
residue is diluted with methanol and reconcentrated to 
afford the product which is used without further 
purification. 

C. Conjugation of Galactose Cluster with Chelating 
Compound and Annexin Components. 

Ort.a-aala rtosvl-chelatinq compound construct. To a 
mixture of amine extended octa-galactosyl amine, 1.2 
equivalents of N,N' -bis (2-disulf idyl-4- 
hydroxycarbonylphenyl) -1, 3-propyldiamine mono- (methyl - 
aminocaproate) adduct, and 5 equivalents of trie thy lamine 
in dimethylf ormamide is added 1.1 equivalents of BOP. 
The mixture is stirred at 15-30°C for 2 to 24 hours and 
then concentrated. The residue is diluted with deionized 
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water, and the pH is adjusted to 2.5 by the addition of 1 
N aqueous hydrochloric acid. The mixture is washed with 
ethyl acetate. The aqueous phase is concentrated. The 
residue is chromatographed on reverse phase C-18 silica 
gel. The fractions containing the product are combined 
and concentrated to give the product. 

Ocfca-aalactosvl -chelating compound carboxvlic acid 
construct . To a methanolic solution of the ester bearing 
octa-galatosyl -chelating compound construct prepared 
previously is added 4-5 equivalents of 1 N aqueous sodium 
hydroxide. The mixture is stirred at 15-30°C for 16-24 
hours. The mixture is concentrated, and the residue is 
diluted with deionized water. The pH of the resulting 
solution is adjusted to approximately 2.5, and the 
solution is reconcent rated. The residue is 
chromatographed on reverse phase C-18 silica gel. The 
fractions containing the product are combined and 
concentrated to afford the product. 

Annexin V -chelatinc compound-octa-galactosvl ^ 
construct . The octa-galactosyl -chelating compound 
carboxylic acid construct is offered to annexin V in 
molar ratios of 30:1, 15:1, 5:1 and 2:1. The conjugation 
of annexin V is carried out via activation of the 
carboxylic acid functional group of the galactose 
cluster-chelating compound construct with benzotriazol-1- 
yl-oxy-tris- (dimethylamino) phosphonium 
hexaf luorophosphate (BOP) . To the galactose cluster- 
chelating compound construct in DMF, an equimolar 
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concentration of BOP in DMF is added. Annexin V in 0,05 
M HEPES buffer (commercially available from Sigma 
Chemical Co., St. Louis, MO), pH 7.4 is added to the 
reaction mixture followed by addition of 0.5 M borate 
buffer, pH 8.5. The DMF concentration in the reaction 
mixture is maintained between 5-20%. The solution is 
mixed for 1 hour at room temperature by tumbling the 
reaction vessel, and is then allowed to stand at room 
temperature overnight (approximately 18-24 hours) . The 
reaction mixture is then diluted with PBS, transferred to 
dialysis tubing (6000-8000 molecular weight cut off) , and 
dialyzed for 24 hours against PBS. After removing the 
material from the dialysis bag, the solution is filtered 
through a 0.2 micrometer syringe filter. All of the 
offering levels are conducted analogously. 

D. Characterization of Galactose Cluster-Chelating 
Compound -Annexin V Conjugate. 

Protein concentration is determined using A 280 of 0.6 
for a 1 mg/mL solution of annexin V. The number of 
galactose residues per molecule of annexin V is 
determined by measuring the total number of reactive 
amines on Annexin V before and after reaction with 
galactosyl cluster-chelating compound conjugate using 
trinitro-benzenesulf onic acid, as described by Habeeb, 
Analytica l Biochemistry. 14. : 328-36, 1966. The ability 
of galactose-chelating compound-annexin V to bind to 
activated platelets is assessed by determining its 
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ability to inhibit the binding of unmodified, 1-125- 
radiolabeled annexin V to freshly isolated human 
platelets, following the method of Thiagarajan and Tait, 
J. Biol. Chem. . 233.' 17,240-43, 1990. 
E. Radiolabeling Procedure for use in Post-Formed 
Chelate Conjugation Method. 

Method A : Stannous gluconate kits are prepared 
containing 5 mg sodium gluconate, 100 micrograms stannous 
chloride, 1.0 mg (1 mg/mL) of galactose cluster-chelating 
compound- annexin V, and 0.1 to 1.0 mg of lactose. The pH 
is maintained between 5 and 7 using HCl, acetic acid or 
NaOH. To the stannous gluconate kit is added l.OmL 
sodium pertechnetate (Tc-99m) with a specific activity of 
about 50 mCi. The vial is incubated at 25-37°C for 5-30 
minutes. The percent formation of labeled conjugate, 
remaining Tc0 4 , and hydrolyzed reduced technetium is 
determined by ITLC in 12% TCA as developing solvent. 

Method B : Stannous tartrate kits are prepared in an 
evacuator vial under nitrogen to contain 0.5 mL of 
disodium tartrate (10 mg/mL) and 0.1 mL stannous chloride 
(1.0 mg/mL in ethanol) . The pH of the solution is kept 
between 5 and 7, preferably 6.0. To this stannous 
tartrate solution is added 1.0 mL of sodium pertechnetate 
(50 mCi) , and the solution is allowed to stand at room 
temperature. In and evacuated vial, 200 microliters of 
sodium phosphate (0.5 M, pH 8 or 10) and 1.0 mL of 
galactose cluster-chelating compound- annexin V conjugate 
(1.0 mg/mL) are added successively. Then Tc-99m- tartrate 
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(50 mCi) is added, and the vial is incubated at 25-37°C 
for 5-30 minutes. The percent formation of labeled 
conjugate, remaining Tc0 4 , and hydrolyzed reduced 
technetium is determined by ITLC in 12% (w/v) 
trichloroacetic acid as developing solvent. 

Constructs prepared in accordance with this Example 
are tested in accordance with the procedures set forth 
above (Example III and Example IV(E) ) to .verify 
usefulness in clot imaging applications, for example. 



A. Chelating Compound Preparation. 

Production of chelating compound N,N'-bis(2- 
disulf idyl-4-methylphenyl) -gamma, gamma 1 -diamino- 
isovalerate N-hydroxysuccinimide, as shown schematically 
in Figure 4 . 

l-Todomethyl-4-iodobutyric acid: To a solution of 
1.61 g (10 mmole) 3 -hydroxymethyl-4-butanolide (prepared 
by the procedure of Kinoshita and Hirano, J . He t r ocyc lie 
Chem . . 29 : 1025, 1992) in 100 mL carbon tetrachloride is 
added 8 g (40 mmole) of iodotrimethylsilane . The 
reaction mixture is heated at 50 °C for 12 hours under 
nitrogen. The mixture is diluted with chloroform and 
washed with water (3 x 100 mL) , 5% aqueous sodium 
thiosulfate (lOOmL) , 10% aqueous sodium bicarbonate and 
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brine. The organic layer is dried over magnesium 
sulfate, filtered and evaporated to give the desired 
crude product. The crude product is purified by silica 
gel chromatography (ethyl acetate-hexane = 3:7 as the 
eluting solvent) to give 3 -iodomethyl- 4 -iodobutyric acid. 

Ethyl - 3 - iodomethyl - 4 - iodobutyrate : A solution of 
2.831 g (8 mmole) 3- iodomethyl -4 -iodobutyric acid in 80 
mL ethanol is saturated with HCl gas at 0°C. After 
stirring the solution at room temperature for two days, 
I'S the solvent is removed under vacuum, and the residue is 

f ~ dissolved in dichloromethane . The dichloromethane layer 

CP is washed with 10% aqueous sodium bicarbonate (3 x 100 

pi mL) , water (1 x 100 mL) and brine. The separated 

^ dichloromethane layer is dried over with magnesium 

5 : 
•sis 

TS sulfate, filtered and evaporated to give ethyl-3- 

w 

q iodomethyl - 4 - iodobutyrate . 

h 



M 



EthyWflnwa, gamma' -tii (4-methylaniliiniQ) isQvalerate: 
A stirred solution of 7.5 g (70 mmole) 4-toluidine, 2.764 
g (7 mmole) ethyl-3 -iodomethyl-4-iodobutyrate and 0.588 g 
20 (7 mmole) sodium bicarbonate in 30 mL dry dimethyl 

sulfoxide is heated at 100°C for 3 hours under nitrogen. 
The cooled mixture is. poured onto 400 mL ice water with 
stirring. The resulting precipitate is collected by 
filtration. The remaining 4-toluidine in the precipitate 
25 is removed by washing with aqueous acetic acid several 

times. The product is obtained by recrystallization of 
the washed precipitate in heptane. 

Ethyl - gamma , gamma , -ri.3- di(2-imino-6 -methvl 



# 
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benzthia zolyl-3) 1 isovalgrat-fi ; To a magnetically stirred 
suspension of 2.0 g (6.5 mmole) ethyl -gamma, gamma 1 -di (4- 
methylanilino) isovalerate in 250 mL glacial acetic acid 
is added ammonium thioc}gnate (3.5 g, 0.046 mole) 
followed by the dropwise addition of a solution of 
bromine (7.27 g # 0.046 mole) in 50 mL glacial acetic 
acid. After addition is complete, stirring is continued 
overnight. The yellow precipitate of dihydrobromide salt 
is filtered and dried. The dried solid is then dissolved 
in hot water and the benzothiazole free base is liberated 
with saturated sodium bicarbonate solution. The white 
solid is filtered and dried to give crude product which 
is used without further purification. 

N.N' -Bis (2-disulfidvl-4-methylphenyl) -gamma, gamma ' - 
diaminoisovaleric aid: To a suspension of ethyl - 
gamma , gamma 1 - [1, 3-di (2-imino-6-methyl benzthiazolyl- 
3) ] isovalerate in 40 mL distilled water, solid potassium 
hydroxide pellets (20.0 g, 0.037 mole) are added, and the 
resulting solution is heated at 120°C for 15-24 hours. 
After several hours of heating, the suspension becomes a 
clear solution. The reaction mixture is cooled in an ice 
bath and acidified with 5.0 N acetic acid to pH 5.0, and 
the aqueous solution is extracted with three 100 mL 
portions of ethyl acetate. The combined ethyl acetate 
extracts are dried over anhydrous sodium sulfate and 
filtered. Solvent from the filtrate is removed under 
reduced pressure to give crude product. This crude 
product is chromatographed on silica gel column using a 
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20:80 mixture of ethyl acetate : hexane with 1% acetic acid 
as eluting solvent to give the product as a crystalline 
yellow solid. 

N.N' -Bis (2-disulfi7ivl-4-methylphenyl) -gamma, aamma ' - 
diaminoisovalerate N-hvdroxvsuccinimide > N, N' -Bis (2- 
disulf idyl-4-methylphenyl) -gamma, gamma 1 -diamino- 
isovaleric acid is reacted with N-hydroxysuccinimide 
(NHS) and dicyclohexylcarbodiimide (DCC) in either 
tetrahydrofuran (THF) or dimethyl formamide (DMF) at room 
temperature. After stirring overnight at room 
temperature, the solvent is removed, and the crude 
product is purified by column chromatography on silica 
gel . 

B . Conjugate formation. 

This chelating compound is amenable to use with a 
suitable trif unctional linker to form a radiolabeled 
annexin- galactose cluster conjugate of the present 
invention as described below. 

Commercially available N-epsilon-t-BOC-lysine (Sigma 
Chemical Company) is converted, using trif luoroacetic 
anhydride, to its N-alpha-trif luoroacetamide adduct . 
Activation of the carboxylic acid functionality, for 
example with BOP (benzotriazol-l-yloxy-tris (dimethyl - 
amino) -phosphonium hexaf luorophosphate) commercially 
available from Aldrich Chemical Co., and reaction of the 
activated moiety with the single available amine on a 
galactose cluster, e.g. , formed as described above, 
affords a galactose cluster-trifunctional linker species. 
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The alpha-amine of lysine trifunctional linker component 
of the galactose cluster-trifunctional linker species is 
deblocked using methanolic sodium hydroxide. Reaction 
with the N-hydroxysuccinimide ester of the chelating 
compound molecule formed as set forth in part A of this 
example affords a galactose cluster-chelating compound 
trifunctional linker species. Deprotection of the 
epsilon amine of the lysine trifunctional linker 
component using trif luoroacetic acid, followed by 
reaction with succinic anhydride provides an available 
carboxylic acid functionality through which the annexin 
may be conjugated following activation of the carboxylic 
acid ( e.g. , with BOP) . 

EXAMPLE VIII 

Method for Producing a Cell Expression Clone of Annexin V 

A parent clone, HPAP1.6, is described in Funakoshi et 
al., "Primary Structure of Human Placental Anticoagulant 
Protein", Biochemistry, Vol. 26, pp. 8087-8092 (1987). 
Polymerase chain reaction (PCR) was used to amplify the 
annexin gene from the XHPAP1.6 parent clone. The sense 
primer (£&X AIS GCA CAG CTT CTC A) contained an Ndel 
restriction site (underlined) and the first 16 
nucleotides of the annexin leader sequence, beginning 
with the ATG start codon.' The antisense primer (GGA TOG 
TTA GTC ATC TTC TCC ACA) encoded the end of the coding 
sequence, a stop codon (bold) and BamHI restriction site 
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(underlined) . The PCR product and plasmid pET-12a 
(Figure 2) obtained from Novagen (Palo Alto, California) 
were each digested with Ndel and BamHI and ligated 
together with T4 DNA ligase. A portion of the ligation 
solution was transformed into an E. Coli host strain and 
selected on nutrient agar plates containing ampicillin. 
Plasmid from the resultant clone was designated pET-12a- 
PAP1-E287G, 7/16/93, clone 1. Dideoxy DNA sequence 
analysis showed that this plasmid contained DNA that 
matched the wild- type annexin sequence except for two 
mutations [855 G - A (silent) ; 860 A (converts Glu-287 
to Gly-287) ] . 

The sequence changes present in pET-12a-PAP-E287G, 
7/16/93, clone 1 were corrected in the following manner. 
The plasmid was digested with restriction enzymes Sful 
and BamHI which excised a fragment of approximately 240 
base pairs containing both mutations. The fragment was 
replaced with a 240 base pair fragment from an 
independent clone known to contain the wild- type 
sequence. The DNAs were ligated and transformed into an 
E. Coli host. E. Coli colonies containing plasmid DNA 
were selected on ampicillin containing nutrient agar 
plates. The resulting clone harbored plasmid pET-12a- 
PAP1, 3/7/94, clone 1 (Figure 3). DNA sequencing 
confirmed that the annexin coding sequence on the plasmid 
matched the wild-type sequence exactly. 

The host strain BL21 (DE3) , received from Novagen, was 
transformed with the plasmid pET-12A-PAPl, 3/7/94, clone 
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1. A glycerol stock was made of the resulting 
transformant BL21(DE3) (pET-12A-PAPl, 3/7/94, clone 1) and 
stored at £-65°C. 

Growth of E. coli BL21 (DE3) (pET-12A-PAPl , 3/7/94, 
clone 1) in liquid culture at 37°C resulted in 
accumulation of the Annexin V protein in the E. coli 
cytoplasmic space. 

EXAMPLE IX 

Procedure for Modification (Replacement of an amino acid) 

of Annexin V 

The plasmid pET-12a is described above in Example 
VIII. Annexin amino acid variant genes were placed 
between the Ndel and BamHI restriction sites on the pET- 
12a plasmid. 

An independent modification of annexin V was created 
by site-directed amino acid alteration, utilizing PCR 
amplification. To accomplish this alteration, 
oligonucleotides which anneal in the antisense direction 
of the 3' end of annexin were created. The particular 
alteration of annexin V, described herein, is a 
replacement of a cysteine residue (position 316) with 
alanine, or another non-sulfur containing amino acid, 
such as serine. In order to achieve this alteration, the 
nucleotide sequence was changed from TGT to GCA. The 
oligonucleotide includes a BamHI restriction enzyme site 
and a stop codon. 




101 

The sense oligonucleotide anneals within the T7. 
promoter region of pET-12a, just upstream from the Ndel 
restriction site or the 5* end of annexin V. The 
following are the anti-sense and sense oligonucleotide 
sequence, respectively: 
(Nxl68 Cys TO Ala antisense) 

5 1 GTACCTGGATCCTTAGTCATCTTCTCCGCGAGCAGCAGAAGAGCTTTCTT 3 1 ; 
and (T7 sense) 

5 ' CGAAATTAATACGACTCACTATAGGG 3 ' . 

The Nxl68 and T7 oligonucleotides were synthesized 
using DNA synthesizer, model 381A (Applied Biosystem 
Inc., model 381A, Foster City, CA) . After synthesis was 
complete both oligonucleotides were deprotected as per 
appendix 5 of the above manufacturer's protocol. 
Purification was done using Sephadex™ G-25 column 
(Pharmacia, Uppsala, Sweden) . 

PCR reactions were done using UlTraa™ polymerase 
(Perkin Elmer, Norwalk, CT) . The reactions were 
performed using approximately lOng of pET12a-annexin V 
template, 30 pMol of T7 and Nxl68 oligonucleotides, and 
0.4 mM of each nucleotide. Mineral oil overlay was 
included. The reactions were placed in a Coy temperature 
cycler model HOP and incubated for five minutes at 94°C. 
Approximately 2 minutes into the incubation, 0.5 units of 
polymerase was added. The reactions were then cycled 3 0 
times at 94°C for 30 seconds, 55°C for one minute, and 
74°C for one minute. The reactions were then incubated 
for 5 minutes at 74°C, and then soaked at 15°C. 
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The resulting annexin-ala substituted gene was then 
purified using a DNA purification kit (Promega Magic™ PCR 
Preps DNA Purification System, Madison, WI) according to 
manufacturer 1 s protocol . 

Annexin-ala and pET-12a were then digested with Ndel 
and BamHI (Gibco/BRL, Gaithersburg, MD) restriction 
enzymes. Digested products were then purified by agarose 
gel electrophoresis. Appropriate bands were excised and 
purified using GeneClean II* Kit (Bio 101, Inc., La 
Jolla, CA) according to manufacturer's protocol. The 
annexin-ala and pET-12a were then ligated with T4 DNA 
ligase (Promega) for 12-18 hours at 4°C. 

Annexin-ala-pET-12a were transformed into E. coli 
strain DH5<* Max. efficiency competent cells (Gibco/BRL) . 
Any other suitable host strain for the pET-12a plasmid 
may also be used. The E. coli transformed cells are 
placed on LB agar (Gibco/BRL) , supplemented with 100 
ug/ml ampicillin (International Biotechnologies Inc., New 
Haven, CT) and incubated for 12-18 hours at 37°C. A 
suitable colony, was then selected for placement in 
Terrific Broth (Gibco/BRL) , which has been supplemented 
with 100 ug/ml ampicillin (International Biotechnologies 
Inc. ) 

Several colonies from the LB agar plates were 
selected and expanded. The plasmid DNA is purified using 
Promega ! s Wizard miniprep purification kit. Once plasmid 
DNA is purified, colonies are screened by sequence 
analysis in order to confirm that a particular clone 
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selected contains the amino acid modification or 



alteration. 



EXAMPLE X 



Preparation and Radio leveling of a Modified Annexin 

The modified annexin, wherein accessible sulfhydryl 
groups are added to the N- terminus of the annexin 
molecule, can be prepared in accordance with the 
procedures set forth in Tanaka, et al . , Biochem. . 35 : 
922-929, 1996, as follows. 

Preparation of N-Terminallv Extended A nnexin V 
(Annexin V-N-6, also referred to as modified annexin) . 
First, a mutant annexin VcDNA (pANXVC-S) was designed in 
which the Cys 316 codon was replaced by a Ser codon, an 
Mdel site was introduced prior to the initiator Met 
codon, and a Ba/riHI site was introduced after the stop 
codon. This was constructed by PGR using an annexin V 
cDNA (pPAP-I-1.6; Funakoshi et al., 1987 Biochemistry 
26:5572-5578, Cookson et al., 1994 Genomics 20 :463-467) as 
a template and two oligonucleotides, 5'- 
g-gaa-ttc-cat-atg-gca-cag-gtt-ctc-aga*ggc-act*gtg-3 ' and 5' - 
cgc-gga*tcc-tta-gtc-atc-ttc-tcc*gga-gag-cag-3 . This DNA was 
ligated into the Ndel and Ba/nHI cloning sites in the 
pET12a plasmid (Novagen, Madison, WI) . An 
oligonucleotide (5 ' -t-atg*gca-tgt-gac-cat*tc-3 ' ) and its 
inverse complement (5 ' -t*aga*atg*gtc # aca-tgc-ca-3 ' ) were 
prepared to encode six amino acid residues (Met-Ala-Cys- 




104 

Asp-His-Ser) with Ndel -compatible overhangs at both ends. 
The two complementary oligonucleotides were annealed and 
the product was ligated into pANXVC-S that was digested 
with Ndel to produce plasmid pANXVC-S-N6. DNA sequencing 
of this plasmid confirmed that the intended mutations had 
been correctly introduced. 

This plasmid (pANXVC-S-N6) was then transformed into 
Escherichia coli strain K-38 containing the pGP-1 plasmid 
for production of recombinant protein by expression from 
the T7 promotor of the vector. The cells were grown at 
30°C in 3 L of 2% L-broth in 50 mM potassium phosphate, 
pH 7.4, 25 /iM kanamycin. After 4 h (OD 600 =0 .4), cells 
were given a heat shock by placing culture flasks in a 
42°C water bath for 20 min and the cultivation was 
continued at 37°C for 2 h. Cells were then harvested and 
stored frozen overnight at -20°C. 

Thawed cells were suspended in 100 mL of 50 mM Tris- 
HC1, pH 8.0, 10 mM CaCl 2 , 0.1 mM DFP containing 1 mg of 
leupeptin and 1 mg of pepstatin and sonicated for 5 min. 
The cell lysate was treated with 5^L of DNase (10 
units/mL) for 10 min at room temperature. Then, pellets 
were collected by centrifugation, and annexin V-N6 was 
extracted from the pellets by stirring for 1 h at 4°C in 
70 mL of 50 mM Tris-HCl, pH 8.0, 8 M urea, 0.1 M NH 4 C1, 
10 mM EDTA, 0 . 1 mM DFP containing 1 mg of leupeptin and 1 
mg of pepstatin. The supernatant obtained by 
centrifugation was diluted 2-fold with 50 mM Tris HCl, pH 
8.0 and 0.1 mM DTT and left for 48 h at 4°C. The sample 
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was then dialyzed successively against 150 mL, 500 mL, 
and 2 L of 0-1 M sodium-phosphate, pH 6.0. The dialyzed 
sample was applied to a DEAE-Sepharose column {1.4 x 18 
cm) that was equilibrated with 0.1 M phosphate, pH 6.0. 
After the column was washed, proteins were eluted by a 
linear gradient formed by 100 mL each of 0 M and 0.5 M 
NaCl in the phosphate buffer. The major protein peak 
that contained anticoagulant activity was pooled and 
ammonium sulfate was added to 80% saturation. The 
precipitates collected by centrifugation were dissolved 
in 5 mL of 50 mM sodium-acetate, pH 5.6, 150 mM NaCl, and 
10 mM DTT and applied to a Sephadex G-75 column (2.5 x 90 
cm) equilibrated with the same buffer except for DTT. 
Annexin V-N6 eluted as a single peak and it was 
homogeneous on SDS-PAGE with a molecular mass of 36 kDa. 
The yield was 35 mg of protein from 3 L of culture 
medium. The modified annexin prepared as described above 
is then used according to the invention. 



Preparation of a Modified Annexin V and its Dimer 

Modified annexin V, by addition of accessible 
sulfhydryl groups, and its dimer, is produced as follows: 
Transfect the existing plasmid pJHO (also known as 
pANXVC-S-N6) into E. coli strain BL21(DE3). Express 
cytoplasmically by overnight growth to saturation in 4 x 
1 L of T broth. Harvest the cells by centrifugation. 
Sonicate in a buffer consisting of 50 mM TrisHCl pH 7.2, 



EXAMPLE XI 
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10 mM CaCl 2 . Centrifuge (20 rain at 23,000 x g) , discard 
supernatant. Release modified annexin from the pellet by 
suspending in 50 mM TrisHCl pH 7.2, 20 mM EDTA. 
Centrifuge (20 min, 23,000 x g) , discard the pellet. 
Treat the supernatant with RNase A (3 fig /ml) for 2 h at 
room temperature. Dialyze in 25,000 molecular weight 
cutoff tubing against 3 X 2 L of 20 mM TrisHCl pH 8.0 
(well aerated) ; a portion of the modified annexin present 
is converted to AS dimer by spontaneous disulfide bond 
formation due to air oxidation. Purify by ion-exchange 
FPLC on Pharmacia MonoQ HR10/10 column with a linear 
gradient from 0 - 0.5 M NaCl in 20 mM TrisHCl pH 8.0. 
Add 1/30 volume of 1 M (2- [N-morpholino] ethanesulf onic 
acid; Sigma Chemical) to fractions to maintain pH at 5.8 
and inhibit spontaneous disulfide bond formation. The 
monomer elutes at 0.22 M NaCl and the dimer at 0.28 M 
NaCl. This procedure yields approximately 5 mg each of 
pure monomer and dimer per L of starting culture 
material . 

Once the disulfide link dimer of modified Annexin V 
is produced, it can be evaluated for membrane and 
thrombus binding activity as well as pharmacokinetics and 
organ uptake in mice. Its affinity for cell membranes is 
determined by direct titration (1, below) , its blood 
disappearance curve and biodistribution are determined in 
mice (2, below), and its thrombus : blood ratio determined 
in vivo in the porcine atrial thrombus model 30 min and 
120 min after injection and compared with the 
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corresponding ratio for monomeric annexin V (3, below) . 

1. Binding of modified Annexin V and Annexin V dimer to 
Phosphatidylserine containing membranes. If derivatives 
are not already labeled with Tc-99m, each derivative is 
labeled with 1-125 by the Iodo-Gen method and purified by 
gel filtration, as previously described for annexin V 
(see Tait et al, J, Lab, Clin, Med, 121: 741-8, 1994). 
The affinity of each derivative for cell membranes is 
measured by direct titration of preserved erythrocytes 
with exposed phosphatidylserine as previously described 
in Tait et al, J. Lab. Clin. Med. 123: 741-8, 1994. 
Bound and free ligand are separated by centrif ugation of 
cells through a silicone-oil barrier. The dissociation 
constant is determined by fitting the data to a simple 
model of binding to homogeneous sites as described by 
Tait. Use of artificially treated erythrocytes with high 
levels of exposed PS is an experimental convenience that 
gives results equivalent to those obtained with activated 
platelets with exposed PS. Normal erythrocytes in vivo 
do not have extracellularly exposed PS (Tait et al, *L_ 
T.ah. Clin. Med. , 121: 741-8, 1994). 

2. Blood clearance, biodistribution, and excretion in 
mice. An intravenous bolus of 10 fig/kg (0.3 jug per 30- 
gram mouse) of each I-125-labeled or Tc-99m-labeled 
derivative (dimer; galactose-modif ied annexin; Tc-99m- 
modified annexin; Tc-99m-serylsuccinate-labeled annexin 
V) is injected. Blood specimens are prepared at 1, 2, 3, 
5, 7, 10, 15, 20, 30, 45, 60, 90, and 120 min. The 




108 

following organs are harvested from four mice each at 30, 
60, and 120 min after injection: brain, heart, aorta, 
vena cava, lung, spleen, liver, stomach, intestines, 
kidney, bladder, skeletal muscle, bone, and blood. 
Results are expressed as %ID/g tissue and %ID/organ. 
3. Thrombus /blood ratio in vivo in pigs. Established 
procedures are used as described for acute atrial thrombi 
(Stratton et al, Circulation . 22: 3113-21, 1995) for I- 
125 -labeled dimer, galactose-modif ied annexin, and 
annexin V as control. Based on previous experience with 
native annexin V in this model, a twofold difference in 
thrombus /blood ratios between modified and native annexin 
V can be demonstrated at a P value of £0.05 in a two- 
tailed t-test with an n of about 5 animals. 

Once a molecule with desirable properties is 
identified, the annexin V dimer can be produced directly 
as a fusion protein using an existing expression system 
as described in Tait et al . , J. Biol. Chem. 270 : 21594- 
21599, with the two annexin V moieties connected by a 
peptide linker. This dimeric molecule can also contain 
additional functional sites, such as an endogenous Tc-99m 
chelation site or a free sulfhydryl to allow attachment 
of galactose. 

EXAMPLE XTT 

Endogenous Radiolabeling of Modified Annexin 

A study of Tc-99m radiolabeling of modified annexin 
(Annexin V-N-6 of Example X) was carried out following 
the method of George et al, Proc. Natl. Acad. Sci . USA . 
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22:8358-62, 1995. The modified annexin, 160 fig, was 
combined with 2.5 mCi of Tc-99m pertechnetate, with 
methylene diphosphonate as the exchange ligand and 
stannous ion as reductant . The final concentration of 
the protein as available was 200 fig/ml . However, 
incubation at pH 10 for 30 min at 37°C resulted in 52% 
radiochemical yield. This apparent yield was consistent 
with results obtained after purification by gel 
filtration, which showed recovery of 56% of the applied 
radioactivity in 89% radiochemical purity. Storage of 
the purified material indicated no change in 
radiochemical purity as measured by TLC and Zorbax HPLC 
chromatography after 18 h in PBS at room temperature. In 
contrast, native annexin V showed only 2% labeling under 
the same conditions. Thus, the results have shown that 
the modified annexin V molecule can be labeled directly 
with Tc-99m. One of ordinary skill in the art can 
evaluate the modified annexin V molecule for optimization 
of Tc-99m radiolabeling yield (protein concentration, 
exchange chelates, pH dependence, temperature, and time) ; 
radiolabel stability (challenge with serum and various 
concentrations of cysteine) ; cell and thrombus binding; 
blood clearance and biodistribution properties; 
catabolite forms of excreted radioactivity (HPLC of 
biological samples and comparison with synthetic peptide 
Tc-99m chelate standards for identification) . Suitable 
methods include those used for characterization of 
various N,S amide thiolate chelating agent for Tc-99m 
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bifunctional protein radiolabeling agents (Kasina et al, 
.T. Wnrl . Med. . 32: 1445-51, 1991; Fritzberg et al, Proc. 
W^l - Arrad. Sci. USA . 95: 4025-9, 1988). 

EXAMPLE XIII 
Production of a Radiolabeled Annexin-Esterase 
Sensitive Chelate Conjugate 

TcO" 4 + SnClj + Gluconic Acid pH 5.5-7.0 ^ v Tc-gluconate 





Ill 

Experimental procedure— Annexin V is 
radiolabeled with Tc-99m N 3 S-serylsuccinate via the 
preformed chelate approach as described for antibody Fab 
fragments (Srinivasan et al, J. Nucl . Med. . 32: 1017 
(abstract) , 1991) . Application of this approach with the 
C 5 N 2 S 2 active ester has been similar for both antibody 
proteins (Kasina et al, J. Nucl. Med. . 32: 1445-51, 1991) 
and annexin V (Stratton et al, Circulation, 92: 3113-21, 
1995) . In the present procedure, serylsuccinate ester is 
substituted in the radiolabeling procedure. This 
derivative is evaluated in vitro for label stability, 
membrane binding, and clot binding. It can be injected 
into mice and its uptake measured in organs including 
liver and kidney over the period from 10 min to 2 h. 
This indicates the rate of organ uptake as well as 
retention, and allows comparison of the time course with 
previous data for the amide-linked Tc-99m chelate. 

Success is indicated by significant reduction in 
liver retention of radioactivity. Increased rate of 
organ disappearance following uptake of Tc-99m annexin V 
indicates the potential of improved thrombus to organ 
ratios within time of imaging follow up. Imaging 
experiments can be performed with the porcine model in 
order to predict comparable improvements under clinical 
conditions . 

Labeling of annexin V with Tc-99m-serylsuccinate 
ester. Annexin V conjugated to the serylsuccinate ester 
is labeled with Tc-99m according to the OncoTrac kit 



« 
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procedure (Kasina et al, J. Nucl . Med. , 32: 1445-51, 
1991) , and then conjugated to annexin V using the 
previously described method for conjugation of Tc-99m- 
N 2 S 2 -TFP to annexin V (Stratton et al, Circulation. 92: 
3113-21, 1995) . 

EXAMPLE XIV 

Production of a Radiolabeled Modified Annexin V-Galactose 

Cluster-Chelate Conjugates 

A maleimide- linked galactose cluster of the present 
invention can be conjugated specifically to the 
sulfhydryl of the modified annexin V. After verification 
of stoichiometry of galactose labeling, the galactose- 
modified annexin is radioiodinated and evaluated for 
membrane and thrombus binding in vitro, and 
pharmacokinetics and organ uptake in mice. Maintenance 
of binding and faster blood disappearance are followed up 
by determining in vivo thrombus to blood ratios in the 
porcine model at 30 and 120 min after injection and 
compared to corresponding ratios for unmodified annexin 
V. 

The rate of blood disappearance of the modified 
Annexin V without compromising the ability of the 
modified annexin V to bind to cell membranes or thrombi 
in vitro is compared to unmodified annexin V. The in 
vivo thrombus/blood ratio 30 min after injection should 
be higher compared to native annexin V, and the same or 
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higher at 120 min after injection. However, if use of 
this mechanism also increases the background signal from 
the liver at the particular times chosen for imaging, use 
of the esterase -sensitive linker mechanism to accelerate 
excretion of radiolabel from the liver can be used to 
decrease the background signal. The following examples 
represent further embodiments of the present invention. 



• 
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Procedure for N-acetylgalactosaaine-S-Annexin-N-Chelating 

Compound 



H0 2 C-(CH2) 5 -Br ► MeOjC-fCH^-Br 

1 



H0 2 C-(CH2) 5 -NH 2 ► Me0 2 C-(CH 2 ) 5 -NH 2 • HCI 

2 



Me0 2 C-(CH 2 ) s -NH-C — CF 3 
1 



( Me0 2 C-(CH 2 ) 5 )-NH • HCI 



2 

4 

0 

_ II 

HO-(CH 2 ) 5 -NH 2 *~ HO-{CH 2 ) 5 -NH— C 0 C(CH 3 ) 3 

i 



0 

II 

TsO -(CH^s-NH — C — 0 — C(CH 3 ) 3 




.OAc 

S-(CHj) 5 -NH-C— 0— C(CHj) 3 



NHAc 

11 



Me0 2 C-(CH 2 ) 5 -NHMe '_fl£l 
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( MeOjC-tCHjfejN C 0-C(CHj) 3 
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H0 2 C-(CH 2 ) s )N C 0 -C(C H 3 ) j 
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OAc 
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Preparation of Methvl 6-bromohexanoate (1) 

To a 2 liter round bottom flask, charge with 99.7 g 
(0.511 mol) of 6-bromohexanoate (Aldrich Chemical Co., 
Milwaukee, Wisconsin) and 1 liter of methanol, was 
bubbled hydrogen chloride gas for 1-2 minutes. The 
mixture was stirred at 20-30°C for 18 h and then 
concentrated via rotary evaporation. The residue was 
diluted with 500 mL of diethyl ether and washed with 150 
mL of de-ionized water, 200 mL of saturated sodium 
bicarbonate, and then once again with 200 mL of de- 
ionized water. The organic phase was dried over 
anhydrous magnesium sulfate, filtered and concentrated 
via rotary evaporation. The residue was distilled under 
vacuum to afford 99.6 g of the product (1) as a colorless 
oil (93%): b.p. = 93-96°C at 3 mm Hg: l K NMR (d 6 -DMSO) d 
3.57 (3H, s) , 3.51 (2H, t) , 2.30 (2H, t) , 1.78 (2H, 
pentet) and 1.62-1.28 (4H, m) ppm. 
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Preparation of Methvl 6-Aminohexanoate Hydrochloride (2) 

To a 2 liter round bottom flask, charged with 101.3 g 
(0.722 mol) of 6-aminohexanoate (Aldrich Chemical Co.) in 
1 liter of methanol was bubbled hydrogen chloride gas for 
3-4 minutes. The mixture was stirred at 20-30°C for 16 h 
and then concentrated via rotary evaporation. The 
residue was twice diluted with 500 mL of methanol and re- 
concentrated (<0.5 mm Hg) to afford 140.1 g of the 
product (2) as a white solid (100%) : X H NMR (d 6 -DMSO) d 
9.40 (1H, broad triplet), 3.57 (3H, s) , 3.15 (2H, 
quartet), 2.29 (2H, t) , 1.60-1.38 (4H, m) and 1.32-1.19 
(2H, m) ppm. 

Preparation of Methvl 6- (Trif luoroacetamido) hexanoate Q) 
To a 2 liter round bottom flask, charged with 100.2 g 
(0.552 mol) of amine hydrochloride 2 and 1 liter of 
methanol was added 100 g (0.703 mol) of ethyl 
trif luoroacetate followed by 120 mL (0.861 mol) of 
triethylamine . The mixture was stirred at 20-30°C for 19 
h and then concentrated via rotary evaporation. The 
residue was diluted with 500 mL of diethyl ether and then 
filtered. The filtrate was washed with 3 x 300 mL 
aliquots of IN aqueous HCl, 200 mL of de-ionized water, 2 
x 200 mL aliquots of saturated aqueous sodium bicarbonate 
and finally with 200 mL of de-ionized water. The organic 
phase was dried over anhydrous magnesium sulfate, 
filtered and concentrated. The residue was distilled 
under vacuum to afford 115.8 g of the product (2) as a 
colorless oil: b.p. = 113-116°C at 120 mm Hg: X H NMR (d 6 - 
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DMSO) d 3.57 (3H, s) , 2.75 (2H f m) , 2.29 (2H, t) , 1.60- 
1.40 (4H, m) and 1.37-1.19 (2H, m) ppm. 
preparation of N. N-Bis- (5-Methoxvcarbonvloentvl) amine 
hydrochloride (1) 

To a 5 liter three neck flask equipped with a reflux 
condenser connected to a gas bubbler, charged with 20.9 g 
of 60% sodium hydride (0.523 mol) in 1 liter of anhydrous 
dioxane, was added 100 g (0.416 mol) of secondary amide 2 
in 200 mL of dry dioxane over a 20 minute period. The 
mixture was stirred at 20-30°C for 1 h, and then 130 g 
(0.622 mol) of bromide 1 in 100 mL of dioxane was added. 
The mixture was heated to reflux and stirred for 7 h. An 
additional 10 g of 1 was added and the resulting mixture 
stirred for 15 h more. The mixture was cooled and 
concentrated via rotary evaporation. The residue was 
diluted with 600 mL of 1 N aqueous HCl and extracted with 
1 liter of ethyl acetate. The organic phase was then 
washed with 250 mL of de-ionized water, 250 mL of 5% 
aqueous sodium metabisulf ite, and finally with 250 mL of 
de- ionized water. The organic phase was dried over 
anhydrous magnesium sulfate, filtered and concentrated. 

The residue was diluted with 300 mL of de-ionized 
water and 500 mL of methanol and treated with 200 mL of 
10 N aqueous sodium hydroxide. The mixture was stirred 
at 20-30°C for 16 h and concentrated to a thick syrup via 
rotary evaporation. The residue was diluted with 800 mL 
of deionized water and acidified to pH 1-2 with 200 mL of 
concentrated HCl. The mixture was washed with 3 x 300 mL 
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aliquots of diethyl ether and the aqueous phase then 
concentrated to a thick syrup via rotary evaporation. 
The residue was diluted with 1 liter of dry methanol and 
re-concentrated via rotary evaporation. The residue was 
diluted with 1 liter of dry methanol and then hydrogen 
chloride gas was bubbled into the mixture for 2-3 
minutes. The mixture was stirred at 20-30°C for 18 h, 
and then vacuum filtered through Celite (manufactured by 
J.T. Baker) . The solids were rinsed with 200 mL of 
methanol. The combined filtrates were concentrated. The 
residue was diluted with 1 liter of methanol and hydrogen 
chloride gas again bubbled into the mixture for 2-3 
minutes. The mixture was stirred for 3 h and then 
concentrated. The residue was diluted with 1 liter of 
methanol and 10 g of activated charcoal was added. The 
mixture was stirred for 30 minutes and then vacuum 
filtered through Celite. The solids were washed with 100 
mL of methanol and the combined filtrates concentrated. 
The residue was dissolved in hot 2-propanol and then 
allowed to recrystallize, first at room temperature and 
then with the use of an ice bath. The solids were 
filtered and rinsed with 3 x 75 mL aliquots of cold 2- 
propanol. The solids were air dried to afford 70.5 g of 
the product (±) as a white solid. The filtrates were 
combined and concentrated. The residue was 
recrystallized from 200 mL of 2-propanol to. afford an 
additional 15.3 g of product for a total of 85.8 g (67%) : 
X H NMR (d 6 -DMSO) d 8.69 (2H, broad), 3.57 (6H, s) , 2.82 




123 

(4H, m), 2.30 (4H, t) , 1.67-1.43 (8H, m) and 1.28-1.19 
(4H, m) ppm; X H NMR (CD 3 OD) d 3.66 (6H, s) , 3.42 (4H f t) , 

2.34 (4H, t), 1.75-1.55 (8H, ra) and 1.45-1.25 (4H, m) 

ppm. 

Preparation of N-BOC-5-Ann nopentanol (£) 

To a 2 liter three neck round bottom flask, fitted in 
the center neck with a 500 mL addition funnel and in a 
side neck with an adaptor venting to a gas bubbler, was 
added 40 g (0.388 mol) of 5 aminopentanol in 500 mL of 
dry acetonitrile. Then 84.5 g (0.387 mol) of di-t-butyl- 
dicarbonate in 400 mL of dry acetonitrile was added over 
a 50 minute period. The mixture was stirred at 20-30°C 
for 15 h and then concentrated. The residue was diluted 
with 600 mL of ethyl acetate and washed with 2 x 200 mL 
aliguots of 0.5 N aqueous HCL and 2 x 200 mL aliquots of 
de-ionized water. The organic phase was dried over 
anhydrous magnesium sulfate, vacuum filtered, and 
concentrated, first via rotary evaporation and then using 
full vacuum pump pressure (<0.5 mm Hg) , to afford 74.5 g 
of the product (£) as a near colorless oil (88%) : X H NMR 
(d 6 -DMS0) d 6.72 (1H, broad triplet) , 4.31 (1H, t) , 3.43- 
3.27 (2H, m) , 2.87 (2H, quartet), and 1.45-1.10 (15H, s 
and multiplet) ppm; l K NMR (CDC1 3 ) d 4.58 (1H, broad s) , 
3.65 (2H, t), 3.13 (2H, quartet), and 1.70-1.30 (15H, 
singlet and multiplet) ppm: Thin Layer Chromatography 
(Visualization with ninhydrin spray and heat) ; Silica 
Gel, R f = 0.28 (95/5 methylene chloride/methanol) . 
Preparation Of N-BOC-5-Aminopentvltnli^n esulfonate (£) 
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To a 1 liter round bottom flask, charged with 74.5 g 
(0.366 mol) of N-BOC-aminopentanol (£) in 400 mL of 
methylene chloride, was added 45 mL of anhydrous pyridine 
followed by 74.1 g (0.389 mol) of p-toluenesulf onyl 
chloride. The mixture was stirred at room temperature 
for 17 h, diluted with 200 mL of methylene chloride and 
washed with 400 mL of 0.5 N HCl, 2 x 200 mL aliquots of 
0.5 N HCl, and 2 x 100 mL aliquots of de- ionized water. 
The organic phase was dried over anhydrous magnesium 
sulfate, vacuum filtered, and concentrated. The residue 
was chromatographed on 11 x 23 cm of silica gel, eluting 
first with methylene chloride and then with 3:97 ethyl 
acetate/methylene chloride. The fractions containing 
product were combined and concentrated, first via rotary 
evaporation and then under full vacuum pump pressure 
(<0.5 mm Hg) , to afford 82.13 g of the product (£) as a 
white solid: X H NMR (CDC1 3 ) d 7.77 (2H, d) , 7.31 (2H, d) , 
4.45 (1H, broad s) , 3.98 (2H, t) , 3.03 (2H, t) , 2.41 (3H, 
s), and 1.80-1.20 (15H, singlet and multiplet) ppm: Thin 
Layer Chromatography (Visualization with ninhydrin spray 
and heat); Silica Gel, R f = 0.50 (3:97 ethyl 
acetate/methylene chloride) . 

Preparation of 3 . 4 , 6-Tetra-o-Acetyl-N-Acetyl- 

Galactosamine (7) 

To a 500 mL round bottom flask charged with 25.0 g 
(116 mmol) of galactosamine hydrochloride (Sigma Chemical 
Co., St. Louis, Missouri) was added 180 mL of anhydrous 
pyridine and then 115 mL of acetic anhydride (1.22 mol). 
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The mixture was stirred at 20-30°C for 44 h and then 
poured into a 2 liter beaker containing 600 g of ice and 
600 mL of de-ionized water. The mixture was stirred at 
room temperature for 10-15 minutes and then vacuum 
filtered. The collected solids were rinsed with 4 x 100 
mL aliquots of de-ionized water, air dried for 2 h and 
then dried under full vacuum pump pressure (<0.5 mm Hg) 
for 14 h to give 39.8 g of the product as a white solid 

(88%): X H NMR (d 6 -DMS0) d 7.89 (1H, d) , 5.63 (1H, d) , 
5.16 (1H, d) , 5.07 (1H, dd) , 4.28-3.92 (4H, m) , 2.11 (3H, 
s) , 2.02 (3H, s) , 1.99 (3H, s) , 1.90 (3H, s) and 1.88 

(3H, s) ppm. 

Prpparati o n of 3 . 4 . 6 -Tri -O- Acetyl -N- Acetyl -OalaCtQgamine - 
l-b-Pseud othioure a Hydrochloride (1) 

To a 1 liter round bottom flask, charged with 3 9.8 g 
(102 mmol) of 2, was added 400 mL of acetyl chloride. 
The mixture was stirred at 47-48°C for 64 h. The mixture 
was concentrated and then twice diluted with 200 mL of 
methylene chloride and re-concentrated, first via rotary 
evaporation and then under full vacuum pump pressure 
(<0.5 mm Hg) , to afford 40.2 g of the crude product (£) 
as a dark amber foamy solid: X H NMR (CDC1 3 ) d 6.24 (1H, 
d) , 5.61 (1H, d) , 5.43 (1H, dd) , 5.27 (1H, dd) , 4.83-4.71 
(1H, m), 4.48 (1H, t) , 4.22-4.01 (2H, 2 dd's), 2.15 (3H, 
s) , 2.02 (3H, s) , 2.00 (3H, s) and 1.98 (3H, s) ppm. To 
the crude chloride (&) , in a 1 liter round bottom flask, 
was added 9.3 g (122 mmol) of thiourea and 150 mL of 
acetone. The mixture was stirred at reflux for 40 
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minutes and then cooled in an ice bath for 30 minutes and 
then vacuum filtered. The collected solids were rinsed 
with 2 x 75 mL aliquots of acetone. The solids were then 
air dried for 45 minutes and then dried further under 
full vacuum pump pressure (<0.5 mm Hg) for 2 h to afford 
33.0 g of the product (J£) as a light beige solid (74% 
overall yield from 2) ' 

X K NMR (d 6 -DMS0) d 9.38 and 9.12 (2 broad s's, 3H) , 8.36 
(1H, d) , 5.56 (1H, d) , 5.34 (1H, d) , 5.01 (1H, dd) , 4.38 
(1H, t), 4.22-4.00 (3H, m) , 2.11 (3H, s) , 2.01 (3H, s) , 
1.92 (3H, s) and 1.81 (3H, s) ppm. 

Preparation qZ i-b-Mercapto 3i4>g-Tri-0-Acety3.-N-Aggtyl- 

Galactosamine (12.) 

To a 1 liter round bottom flask, charged with 30.0 g 

(67.9 mmol) of the pseudothiourea (J£) in 175 mL of 
methylene chloride and 175 mL of de-ionized water was 
added 7.08 g (37.24 mmol) of sodium metabisulf ite 
followed by careful addition of 10.2 g (74.5 mmol) of 
potassium carbonate. The mixture was stirred at room 
temperature for 40 minutes and the mixture then 
transferred to a 500 mL separatory funnel. The layers 
were separated and the aqueous phase was then extracted 
with 2 x 125 mL aliquots of methylene chloride. The 
organic extracts were combined, dried oyer anhydrous 
sodium sulfate, filtered and concentrated to give 24.2 g 

( 10 ) of the product as a very pale yellow (off-white) 
solid (98%): X H NMR (CDC1 3 ) d 6.24 (1H, d) , 5.61 (1H, d) , 
5.43 (1H, dd) , 5.27 (1H, dd) , 4.83-4.71 (1H, m) , 4.48 
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(1H, t) , 4.22-4.01 (2H, 2 dd's), 2.15 (3H, s) , 2.02 (3H, 
s), 2.00 (3H, s) and 1.98 (3H, s) ppm. 

Preparation of 3 .4 . 6 -Tri-Q-Acetvl-N- Acetyl -Galactosamin^- 
1-a-S- rs'-Thiopgntyl-N-BOC-AminQl (11) 

To a 1 liter round bottom flask, charged with 24.2 g 
(66.6 mmol) of the thiol (Ifl) under nitrogen atmosphere, 
was added 350 mL of dry acetonitrile . The mixture was 
heated to 40-42°C, the solids eventually dissolving over 
a 20 minute period. 1, 8-Diazabicyclo [5 . 4 . 0] undec-7-ene 
(DBU commercially available from Aldrich Chemical 
Company, 10.5 mL, 70.2 mmol) was then added and the 
mixture stirred for 20 minutes. Then, 24.0 g (67.1 mmol) 
of the tosylate £ in 75 mL of acetonitrile was added over 
a 3-4 minute period. The resultant mixture was stirred 
at 40-25°C for 1.5 h and then concentrated. The residue 
was diluted with 400 mL of methylene chloride and washed 
first with 250 mL of 0.5 N aqueous HCl and then with 250 
mL of 5% aqueous sodium bicarbonate. The organic phase 
was dried over anhydrous magnesium, vacuum filtered, and 
concentrated via rotary evaporation. The residue was 
chromatographed on 21 x 7 cm of silica gel (manufactured 
by E.M. Merck), eluting with 55/42.5/2.5 ethyl 
acetate/hexane/ethanol. The fractions containing product 
were combined, concentrated and re -chromatographed on 21 
x 7 cm of RP-18 silica gel (manufactured by J.T. Baker) , 
eluting with 500 mL each of 50/50, 55/45, 60/40, 65/35, 
and 70/30 methanol/water and then with 75/25 
methanol/water until all of the desired product had 
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eluted from the column. The fractions containing product 
were combined and concentrated. The residue was diluted 
with 500 mL of methylene chloride and treated with 
anhydrous magnesium sulfate. The mixture was vacuum 
filtered and the filtrate was concentrated, first via 
rotary evaporation and then under full vacuum pump 
pressure (<0.5 mm Hg) to afford 17.9 g of the product 
(11) as a foamy white solid: X H NMR (d 6 -DMS0) d 9.38 and 
9.12 (2 broad s's, 3H) , 8.36 (1H, d) , 5.56 (1H, d) , 5.34 
(1H, d) , 5.01 (1H, dd), 4.38 (1H, t) , 4.22-4.00 (3H, m) , 
2.11 (3H, s) , 2.01 (3H, s) , 1.92 (3H, s) and 1.81 (3H, s) 
ppm: Thin Layer Chromatography (Visualization with p- 
anisaldehyde spray and heat); Silica Gel, R f = 0.50 
(57/40.5/2.5 ethyl acetate/hexane/ethanol) ; RP-18 Silica 
Gel, R f = 0.21 (65/35 methanol/water) . 
Preparat ion of Methvl 6-Methvlaminohexanoate 
Hydrochloride (12.) 

To a 2 liter three neck round bottom flask, charged 
with 8.77 g of 60% NaH in mineral oil (219 mmol, 1.1 
equiv.) in 500 mL of anhydrous tetrahydrofuran, was 
fitted a 500 mL addition funnel in the center neck. 
Then, 34.5 g (144 mmol) of secondary amide 2L in 300 mL of 
anhydrous tetrahydrofuran was added over a 30 minute 
period. The mixture was stirred for 50 . additional 
minutes and then 22.6 mL (363 mmol) of iodomethane was 
added. The mixture was stirred at room temperature for 
23 h and then transferred to a 2 liter round bottom flask 
and concentrated via rotary evaporation. The residue was 
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treated with 400 mL of 1 N aqueous HCl and then extracted 
with 300 mL of ethyl acetate and then with 2 x 200 mL 
aliquots of ethyl acetate. The organic extracts were 
combined and first washed with 3 x 125 mL aliquots of 5% 
aqueous sodium thiosulfate and then with 100 mL of de- 
ionized water. The organic phase was dried over 
anhydrous magnesium sulfate, vacuum filtered, and 
concentrated. The residue was dissolved in 250 mL of 
methanol and re -concentrated. The residue was diluted 
with 250 mL of methanol and treated with 50 mL of 10 N 
aqueous sodium hydroxide followed by 100 mL of de-ionized 
water. The mixture was stirred at room temperature for 
17 h, diluted with an additional 50 mL of de-ionized 
water and then washed with 3 x 200 mL aliquots of hexane. 
The aqueous phase was concentrated via rotary 
evaporation. The residue was diluted with 500 mL of 
methanol and hydrogen chloride gas was bubbled into the 
mixture for 2-3 minutes (10 g) . The mixture was stirred 
at room temperature for 3 h and then vacuum filtered and 
concentrated via rotary evaporation. To the residue was 
added 500 mL of methanol and then hydrogen chloride gas 
was again bubbled into the mixture for 2-3 minutes (9.2 
g) . The mixture was stirred at room temperature for 18 
h. The mixture was cooled in an ice bath and then vacuum 
filtered. The filtrate was concentrated by rotary 
evaporation. The residue was twice diluted with 250 mL 
of methanol and re -concentrated. The residue was diluted 
with 3 00 mL of 2-propanol and treated with 4 g of 
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activated charcoal for 30 minutes. The mixture was 
vacuum filtered through Celite and the solids rinsed with 
2 x 75 mL aliquots of 2-propanol. The filtrates were 
combined and concentrated, first via rotary evaporation 
and then under full vacuum pump pressure. The residue 
was diluted with 250 mL of methanol and re-concentrated, 
first via rotary evaporation and then under full vacuum 
pump pressure. The residue was diluted with 250 mL of 
methanol and hydrogen chloride gas was bubbled into the 
mixture for 1-2 minutes (5.0 g) . The mixture was stirred 
at room temperature for 2 h and then concentrated via 
rotary evaporation. The residue was twice diluted with 
250 mL of methanol and concentrated, first via rotary 
evaporation and finally under full vacuum pump pressure 
(<0.5 mm Hg) to afford 23.91 g of the product (12.) as a 
very light yellow foamy solid (85%) : X H NMR (d 6 -DMSO) 
d 8.72 (2H, broad s) , 3.58 (3H, s) , 2.82 (2H, m) , 2.49 
(3H, s), 2.32 (2H, t) , 1.68-1.45 (4H, m) and 1.39-1.21 
(2H, m) ppm; X H NMR (CD 3 0D) d 3.63 (3H, s) , 2.97 (2H, t) , 
2.34 (2H, t), 1.75-1.56 (4H, m) and 1.49-1.31 (2H, m) 
ppm. 

Preparation of N-BOC-N. N-Bis-(5- 
Methoxycarbonylpentyl ) amine (15) 

To a 500 mL round bottom flask, charged with 6.34 g 
(29.1 mmol) of di- t-butyl-dicarbonate and 9.00 g 
(29.1 mmol) of N, N-bis- (5-methoxycarbonylpentyl) -amine 
hydrochloride (±) , was added 125 mL of anhydrous 
acetonitrile followed by 7.5 mL of triethylamine . The 
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mixture was stirred at room temperature for 22 h and then 
concentrated via rotary evaporation. The residue was 
diluted with 300 mL of ethyl acetate and washed with 2 x- 
100 mL aliquots of 0.1 N aqueous HCl, 100 mL of de- 
ionized water and 100 mL of 5% aqueous sodium 
bicarbonate. The organic phase was dried over magnesium 
sulfate, vacuum filtered and concentrated, first via 
rotary evaporation and then under full vacuum pump 
pressure (<0.5 mm Hg) to afford 10.5 g of product (15.) as 
a near colorless oil (97%): l H-NMR (d 6 -DMSO) d 3.57 (6H, 
s), 3.07 (4H, t), 2.28 (4H, t) , 1.60-1.10 and 1.37 (21H, 
m and s) ppm; Thin Layer Chromatography (Visualization 
with ninhydrin spray and heat); Silica Gel, R f = 0.33 
(20/80 ethyl acetate/hexane) ; RP-18 Silica Gel, R f = 0.17 
(70/30 methanol/water) . 
Preparation of N-BOC-N, N-Bis- (5- 
Hvdroxvcarbonvlpentvl) aming (1£) 

To a 500 mL round bottom flask, charged with 10.5 g 
of bis-methyl ester 15., was added 75 mL of methanol 
followed by 75 mL of 1 N aqueous sodium hydroxide. The 
mixture was stirred at room temperature for 16 h and then 
concentrated via rotary evaporation. The residue was 
diluted with 75 mL of de-ionized water and the pH of the 
resultant solution adjusted to 2.0-2.5 by slow addition 
of approximately 75 mL of 1 N aqueous HC1 . Then, 200 mL 
of ethyl acetate was added and the mixture stirred 
vigorously for 3 minutes. The mixture was transferred to 
a separatory funnel and the layers separated. The 
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aqueous phase was extracted with 2 x 150 mL aliquots of 
ethyl acetate. The organic extracts were combined, dried 
over anhydrous magnesium sulfate, and vacuum filtered. 
The filtrates were concentrated, first via rotary 
evaporation and then under full vacuum pump pressure 
(<0.5 mm Hg) , to afford 9.52 g of the product as a 
viscous, nearly colorless oil (98%) : X H NMR (d 6 -DMSO) d 
3.07 (4H, t), 2.28 (4H, t) , 1.58-1.10 and 1.37 (21H, m 
and s) ppm; Thin Layer Chromatography (Visualization with 
ninhydrin spray and heat); RP-18 Silica Gel, R f = 0.44 
(70/30 methanol/water) . 

Preparation of N-BOC-N. N- Bis- (N' .N'-Bis (5- 
Methoxvcarbonvlpentvl) -5-Carbamyl p entyl) Amine (17) 

To a 1 liter round bottom flask, charged with 9.52 g 
(27.6 mmol) of bis-acid 1£ in 250 mL of anhydrous 
dimethylformamide, was added 19.0 g (61.3 mmol) of N,N- 
bis- (5-methoxycarbonylpentyl) amine hydrochloride (4.) 
followed by 30 mL of triethylamine . While the mixture 
was stirred, 25.7 g (58.1 mmol) of BOP was added. The 
resulting mixture was stirred at , room temperature for 14 
h and then concentrated via rotary evaporation. The 
residue was diluted with 750 mL of ethyl acetate and 
washed with 250 mL of 0.2 N aqueous HCl, 100 mL of 0.1 N 
aqueous HCl, 100 mL of de-ionized water, and 2 x 100 mL 
aliquots of 5% aqueous sodium bicarbonate. The organic 
phase was dried over anhydrous magnesium sulfate, vacuum 
filtered, and concentrated via rotary evaporation. The 
residue was chromatographed on 9 x 21 cm of silica gel, 
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eluting first with 70% ethyl acetate/hexane and then with 
100% ethyl acetate. The fractions containing product 
(12) were combined and concentrated via rotary 
evaporation. The residue was chromatographed on 7 x 23 
cm of RP-18 silica gel, eluting first with 75:25 
methanol/water, then with 80:20 methanol/water, and 
finally with 85:15 methanol/water. The fractions 
containing product were combined and concentrated, first 
via rotary evaporation and then under full vacuum pump 
pressure. The residue was diluted with 500 mL of diethyl 
ether and the resulting solution was dried with anhydrous 
magnesium sulfate. The mixture was vacuum filtered and 
the filtrate was concentrated, first via rotary 
evaporation and then under full vacuum pump pressure 
(<0.5 mm Hg) , to afford 17.80 g of product (12) as a near 
colorless, viscous, oil (75%): X H NMR (d 6 -DMSO) d 3 . 57 
(12H, s), 3.18 and 3.07 (12H, 2 t's), 2.32-2.16 (12H, m) , 
1.61-1.09 and 1.37 (45H, m and s) ppm; Thin Layer 
Chromatography (Visualization with ninhydrin spray and 
heat); Silica Gel, R £ = 0.50 (ethyl acetate); RP-18 
Silica Gel, R f = 0.30 (85/15 methanol/water). 
p r »paratW " f N-BQC-N ■ N-Bis- (N' iN'-Bl? (5~ 

Hy ^vYr a r b ™ Y iM.nt:vl) -s-Carbamvl pgntvl ) Amine (IS) 

To a 500 mL round bottom flask, charged with 7.88 g 
(9.20 mmol) of the tetramethyl ester (IS.) in 75 mL of 
methanol, was added 70 mL of 1 N aqueous sodium 
hydroxide. The mixture was stirred at room temperature 
for 16 h and then concentrated via rotary evaporation to 
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a thick syrup. The residue was diluted with 50 mL of de- 
ionized water and, with vigorous stirring, the pH of the 
solution was adjusted to 2-2.5 by slow addition of 
approximately 70 mL of 1 N aqueous HC1, the product (1&) 
oiling out (one liquid phase separates from another 
liquid phase) in the process. The mixture was extracted 
with 200 mL of 3:1 2-propanol/methylene chloride, and 
then 3 x 100 mL aliquot s of 3:1 2-propanol/methylene 
chloride. The organic extracts were combined, dried over 
anhydrous magnesium sulfate, filtered and concentrated, 
first via rotary evaporation and then under full vacuum 
pump pressure (<0.5 mm Hg) to afford 7.70 g of a near 
colorless, thick syrup, consisting (by NMR integration) 
of 6.93 g of the desired product (JJ1; 94%) and 0.77 g of 
2 -propanoic X H NMR (d 6 -DMSO) d 3.18 and 3.07 (12H, 2 
t's), 2.37-2.12 (12H, m) , 1.60-1.10 and 1.37 (45H, m and 
s) ppm; Thin Layer Chromatography (Visualization with 
ninhydrin spray and heat); RP-18 Silica Gel, R f = 0.50 
(70/30 methanol/water) . 

Preparation of N-B0C-Tet-Gal-NAc-l-a-fi- C5 Branch (2H) 

To a 250 mL round bottom flask, charged with 4.05 g 
(7.38 mmol) of 3 , 4 , 6-tri-O-acetyl-N-acetyl-galactosamine- 
1-a-S- [5'-thiopentyl-N-B0C-amine] (11), was added 20 mL 
of methylene chloride followed by 20 mL of 
trif luoroacetic acid. The mixture was stirred at room 
temperature for 15 minutes. The mixture was concentrated 
via rotary evaporation and the residue was thrice diluted 
with 75 mL of methylene chloride and re-concentrated to 
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afford 6.27 g of residue, a mixture of desired product 
(12.) and residual trif luoroacetic acid: X H NMR (CD 3 OD) d 
5.61 (1H, d) , 5.41 (1H, dd) , 5.01 (1H, dd) , 4.62-4.47 
(2H, m) , 4.11 (2H, d) , 2.91 (2H, t) , 2.74-2.48 (2H, m) , 
2.11 (3H, 2s), 2.00 (3H, s) , 1.93 and 1.91 (6H, 2s), and 
1.37-1.10 (6H, m) ppm. To a separate 250 mL round bottom 
flask, charged with 1.33 g of the syrup containing 90% 1& 
by weight (net 1.20 g, 1.50 mmol) , was added 50 mL of 
anhydrous dimethylf ormamide . In order to remove residual 
2-propanol, the mixture was concentrated, first via 
rotary evaporation and then under full vacuum pump 
pressure (<0.5 mm Hg) . To the residue was added 20 mL of 
anhydrous dime thy If ormamide and 10 mL of dry 
triethylamine . To the resultant, stirred, solution was 
added a dimethylf ormamide solution of the crude i£ (in a 
total of 30 mL of anhydrous dimethylf ormamide) and the 
resultant mixture stirred at room temperature for 2 h. 
The mixture was then concentrated via rotary evaporation. 
The residue was then diluted with 250 mL of methylene 
chloride and washed with 2 x 100 mL aliquots of 1 N 
aqueous HCl, 100 mL of de-ionized water, and then with 
100 mL of saturated aqueous sodium bicarbonate. The 
organic phase was dried over anhydrous magnesium sulfate, 
vacuum filtered, and concentrated via rotary evaporation. 
The residue was chromatographed on 5.5 x 19 cm of RP-18 
silica gel, eluting with 250 mL each of 65:35 
methanol/water, 70:30 methanol/water, 75:25 
methanol/water, and then with 800 mL of 80:20 



136 

methanol/water. The fractions containing product were 
combined, and concentrated, first via rotary evaporation 
and then under full vacuum pump pressure to afford 3.55 g 
of a foamy white solid (94%) . This material was then 
chromatographed on 5.5 x 20 cm of silica gel, eluting 
with 80:20 ethyl acetate/methanol . The fractions 
containing only the desired product {20.) were combined 
and concentrated, first via rotary evaporation and then 
under full vacuum pump pressure (<0.5 mm Hg) , to afford 
2.83 g of the desired product as a pure white foamy solid 
(75%): X H NMR (CD 3 0D) d 5.58 (4H, d) , 5.42 (4H, dd) , 5.01 
(4H, dd) , 4.63-4.51 (8H, m) , 4.20-4.00 (8H, m) , 3.35-3.10 
(20H, m), 2.73-2.47 (8H, m) , 2.32 (4H, t) , 2.25-2.08 
(20H, m and s) , 2.00 (12H, s) , 1.93 and 1.91 (24H, 2s), 
1.71-1.20 (69H, m and s) ppm; Thin Layer Chromatography 
(Visualization with ninhydrin spray and heat) / Silica 
Gel, R f = 0.47 (75:25 ethyl acetate/methanol); RP-18 
Silica Gel, R £ = 0.33 (80/20 methanol/water). 
Preparation of N. N-Bis- m' N'-Bi s (s- 

MethOXYCarbonvlPentvl) -5-carhamvl pentyl ) -Amine TFA (21) 
To a 250 mL round bottom flask, charged with 1.50 g 
(1.75 mmol) of N-BOC-N,N-bis- (N',N'-bis (5- 
methoxycarbonylpentyl) -5-carbamyl pentyl) -amine (12) in 
15 mL of methylene chloride, was added 15 mL of 
trifluoroacetic acid. The mixture was stirred at room 
temperature for 15 minutes and then concentrated. The 
residue was diluted with 50 mL of methylene chloride and 
then concentrated via rotary evaporation. The residue 
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was then diluted with 50 mL of methanol and re- 
concentrated via rotary evaporation. The residue was 
again re -diluted with 50 mL of methylene chloride and re- 
concentrated, first via rotary evaporation and then under 
full vacuum pump pressure (<0.5 mm Hg) . 
Preparation of TFA Salt of Tgt-gal-NAg-l-a-S-Pgntyl-amin^ 
Branch (22) 

To a 100 mL round bottom flask, charged with 790 mg 
(0.313 mmol) of the N-B0C-Tet-Gal-NAc-l-a-S-C5 Branch 
( 20 ) , was added 10 mL of methylene chloride followed by 
10 mL of trif luoroacetic acid. The mixture was stirred 
at room temperature for 15 minutes and then concentrated 
via rotary evaporation. The residue was diluted with 150 
mL of methylene chloride and washed with 2 x 100 mL 
aliquots of saturated aqueous sodium bicarbonate. The 
organic phase was dried over magnesium sulfate, vacuum 
filtered and then concentrated, first via rotary 
evaporation and then under full pump pressure (<0.5 mm 
Hg) , to afford 690 mg of the product (22) as a foamy off- 
white solid (91%) . 

Preparation of Tet-Gal-NAC-l-a-S -Pentyl Amine conjugate 
of modified Annexin V via SMCC d erivatization (25) 

The tetragalactosyl N-AC 1-a-S-Pentylamine (22) is 
reacted with SMCC reagent in triethylamine and DMF at 
room temperature. The maleimidyl derivative 21 is 
triturated with anion exchange resin of the type AG-1 X8 
(BioRad; Hydroxide from; 26 m equiv./g) in aqueous 
methanol. The mixture is stirred at room temperature for 
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15 hours and then vacuum filtered. The resin is rinsed 
with 50 ml of deionized water and then with 50 ml of 
methanol. The filtrates are combined and concentrated 
via rotary evaporation and then under full vacuum pump 
pressure (<0.5 mm Hg) to afford the product 21 as a dry 
solid. Conjugation of modified Annexin V-SH with 
maleimidyl derivatized clustered galactose is carried out 
in 5-15% DMSO solvent at PH range of 5-8 in borate 
buffer. The maleimidyl galactose cluster is offered to 
the modified Annexin V at a molar ratios of 1:1, 5:1 and 
10:1- The monomeric clustered galactose -Annexin V 
construct is then purified by gel filtration techniques. 
The product is then assayed for sulfhydryl content to 
determine the degree of derivatization to afford the 
conjugate 25. in good yield. 

Preparation Of 99 n Tc-galactose cluster-Annexin V 
CQnjugatS/ 2£ 

The 99fl Tc-N 2 S 2 -TFP ester is prepared by the Verluma™ 
kit labeling procedure (Kasina, S. # Rao, T.N., 
Srinivasan, A., et. al. Development and Biologic 
Evaluation of a Kit for Performed Chelate Technetium- 9 9m 
Radiolabeling of an Antibody Fab Fragment Using a Di amide 
Dimercaptide Chelating Agent, J Nucl Med . 2Z: 1445-1451, 
1991) . The . 99fl Tc was incorporated into the N 2 S 2 -ligand via 
transchelation from 99m Tc -gluconate by heating. The 99m Tc- 
N 2 S 2 -TFP ester is then conjugated with galactose cluster- 
Annexin V construct in 0.2M bicarbonate buffer, PH 10.0 
for 20-3 0 minutes at room temperature. The 99m Tc-N 2 S 2 - 
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galactose cluster- Annexin V conjugate is purified by gel 
filtration chromatography to afford 30-40% radiochemical 
yield with a radiochemical purity of *85% product 26 . 

EXAMPTiR yVT 

Procedure for Annexin-S-Galactose-Chelating Compound 






Preparation of modified Annexin V monomer con-iugate of 
trifunct i onal lYg ing adduct conta ining galactose clugter- 
chelating compound moiety. 36 

The epsilon amino B0C protection of the tri functional 
lysine adduct of galactose cluster with the chelating 
compound 3JL is reacted with trif luoroacetic acid in 
methylene choride. The reaction mixture is stirred at 
room temperature. The solvent removed under reduced 
pressure and dried to yield B0C deprotected epsilon amine 
in good yield. The crude product without further 
purification is triturated with AG-1 X8 anion exchange 
resin in aqueous methanol for 20 hours at room 
temperature. The mixture is filtered, and the resin is 
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rinsed with methanol. The filtrates are combined and is 
concentrated to afford the o-deacetylated N- 
acetylgalactose cluster-chelating compound ligand of the 
trifunctional lysine as an epsilon amine in good yield. 
The epsilon amine functionality is reacted with 1.2 
equivalents of SMCC reagent in DMF solvent in the 
presence of 10 equivalents of triethylamine at room 
temperature. The solvent is removed from the reaction 
mixture and the crude product is purified on a Silica gel 
column chromatography to afford the maleimidyl 
derivatized trifunctional galactose cluster chelating 
compound- ligand. SMCC adduct of the trifunctional lysine 
product 2£ in good yield. 



i) 
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EXAMPLE XVTT 

Procedure for Annexin-S -Galactose- (Peptide) -Chelating 

Compound 



X. NH HN NH HN 

jf T | DMF/NHS (0.5 equiv.) (TV J\ 

HOOC S^COOH CDI (0.6 ^^A^S—S^COO NHS 

(Also L figure 3) 



.M^CO^NH ^CO-NH .COO 
HCI H 2 N CO v ^ ^ 



+ 



DMF, EtjN, RT 



A^ c C AA» ^ ^ I 

R ' s ~ s C-NH COtiH CONH CO-NH COO — I 

24 



1) TFA/CH 2 Cl2 ^ 
RT *~ 



HN NH 



A-A 



CONH CO-NH CONH CO-NH CONH 

\ 

33 H0 2 C 
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1) TFA/CH 2 Cl2 

RT 

2) AG-1 X 8 Anion Exchange Resin 
HeOH/H 2 0 




10 



•> 
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5 



10 




N. N*-Bis- ( 2 -disulf idvl -4 -hvdroxvcarbonvlphenvl — 4^ 
hydroxysuccinimi dyl carbonylphenyl ) -1 . 3 -proovldiamine , 11 

N / N 1 -Bis- (2 -disulf idyl -4 -hydroxy carbonylphenyl) -1,3- 
propyldiamine 12. (Also 5. Figure 3) is dissolved in DMF. 
To the solution, 0.5 equivalents of N-hydroxysuccinimide 
is added and stirred magnetically. To the reaction 
mixture, 0.6 equivalents of 10- (3 -dimethyl -aminopropyl) - 
3-ethylcarbodimide (CDI) as a hydrochloride salt is 
added. The pH of the reaction mixture is adjusted to 
beween 5 and 6 with Phosphate butter, 1.0 M, pH 7.0. The 
progress of the reaction is monitored by thin layer 
chromatography on silica gel plates. Solvent from the 
reaction mixture is removed under vacuum and dried. The 
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crude product is purified on silica gel column 
chromatography. The fractions containing the mono NHS 
ester and mono acid are pooled and the solvent removed 
under reduced pressure and dried to yield the desired 
compund 2A in low yield. 

Preparat ion of Annexin v monomer -S-Coniucrate of 
Galactose Cluster- Liaand-of the trif unct ional Lysine, 12 

The N,N l -bis (2-disulf idyl-6-hydroycarbonyl phenyl - 
i, 3-propyldiamine mono NHS ester (14.) is reacted with 1*2 
equivalents of t-butyl tetra glycine carboxylate as its 
hydrochloride salt, commercially available from Aldrich 
Chemical Company, in DMF solvent using 10 equivalents of 
triethylamine as a base. The solvent from the reaction 
mixture is removed under vacuum and the crude product 
purified on silica gel column chromatography to afford 
the peptide adduct 2& in good yield. The tertiary butyl 
ester of the compound M is removed in TFA-CH 2 C1 2 
mixture. The mixture is stirrred for 1 hour and the 
solvent removed and dried to yield the carboxylic acid of 
the ligand- tetra peptide adduct 22. in good yield. 
The carboxyl functionality of the tetra glycine ligand 
adduct 2£ is conjugated with 1.2 equivalents of 3,5,6-tri 
o-acetyl NH acetyl tetra galactosyl e-HNBOC a-amino 
lysine 2 9a in DMF solvent and 5 equivalents of 
triethylamine in presence of 1.2 equivalents of BOP 
reagent. The solvent from the reaction mixture is 
removed under vacuum and dried. The crude product is 
purified by silica gel chromatography to afford compound 



148 

40 of the trifunctional lysine epsilon amine protected as 
BOC. 

The BOC group of compound Ifl is removed in TFA-CH 2 C1 2 
mixture. The reaction mixture is stirred at room 
temperature for 1-2 hours. Solvent from the reaction 
mixture is removed and dried. The crude product is then 
triturated with AG-1 X8 anion exchange resin in aqueous 
methanol at room temperature. The mixture is filtered, 
and the resin is rinsed with methanol. The filtrates are 
combined and concentrated to afford o-deacetyl-N-acetyl 
tetra galactosyl ligand-chelating compound of the 
trifunctional Lysine as an epsilon amine, 4JL in good 
yield. The amino compound H is derviatized with 1.2 
equivalents of SMCC reagent in 10 equivalents of 
triethylamine and DMF solvent. The reaction mixture is 
stirred at room temperature for 1-2 hours. The solvent 
is removed under reduced pressure and the crude product 
is chromatographed on silica gel column to yield 
maleimidyl tetra galactose tetra glycyl peptidyl ligand- 
chelating compound of the trifunctional Lysine, 42 in 
good yield. The maleimidyl derivative 42 is then 
conjugated with modified Annexin V-SH at pH 5-9 in borate 
buffer and/or phosphate buffer. The reaction mixture is 
incubated at 25°C-37°C for 2 hours. The sulfur adduct of 
the modified Annexin conjugate is then purified by gel 
filtration to give the conjugate 42. in good yield. 
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EXAMPLE XVI IT 
Procedure for Dimer-N- Galactose -Chelating Compound 

or 

S-Annexin-N- Galactose (Endogenous Chelation, no dimer) 

or 

S-Armexin-N- Galactose -Chelating Compound 
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HOOC-CH — CH 2 — CH 2 -CH 2 -CH 2 — NHBOC EtOC-CF 3 



NH 2 

22 




1) BQP reagen^ 
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R=Mc,COOH, F,OCH„etfr 
RT, EtjN/DMF 





r-Annexin V 
pH 6-10 
25°C-37°C 




Preparation of N e- (tert-butoxy carbonvl) N : -0(- 

trifluoroacetyl L- lysine, _2£ 

To a 250ml round bottom flash, charged with 10. Og 
(0.041 mole) of N e- (tert-butoxy carbonyl) L-lysine 27 . 
commercially available from BACHEM Bioscience Inc. 
(subsidiary of BACHEM Switzerland, 3700 Horizon Drive, 
Renaissance at Gulph Mills, King of Prussia, PA, 19406, 
USA), and 100ml of methanol is added 10. Og (0.07 mole) of 
ethyl trif luoroacetate followed by 20.0ml (0.144 mole) of 
triethylamine . The mixture is stirred at 20-30° C for 20 
hours and then concentrated via rotary evaporation. The 
residue is diluted with 50ml of diethyl ether and then 
filtered. The filtrate is then washed with 3X 3 0ml 
aliquots of IN aqueous HCL, 20ml of deionized water, and 
finally with 20ml of deionized water. The organic phase 
is dried over anhydrous magnesium sulfate, filtered and 
concentrated. The residue is distilled under vacuum to 
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yield product 23. in. good yield. N e- (tert-butoxy 
carbonyl) N x -a-trif luoroacetyl L-lysine is reacted with 
tri-o-acetyl tet-Gal-NAC 1-a-S-Pentylamine in the 
presence of a BOP reagent. The activated carboxylic acid 
reacts with the clustered galactosamine in DMF and 
Triethylamine to afford galactose cluster lysine adduct 

29 in good yield. The N a-trif luoroacetyl protection of 
the lysine is removed to afford Primary a-amino lysine- 
galactose cluster 29a in moderate yield. 

Conjugation of g alactose cluster with chelating compound 
and anne xin components. 2± 

Tetraaalactosvl- chelating compound construct, 29a~34 

To a mixture of amine extended tetra-galactosyl 
amine, 2 9a 1.2 equivalents of N^-bis (2 disulf idyl-4- 
hydroxycarbonylpheny) -1, 3-propyldiamine mono NHS ester in 
dimethyl forma -mide, 5 equivalents of triethylamine is 
added. The mixture is stirred at 15-30°C for 2-24 hours 
and then concentrated. The residue is diluted with 
deionized water, and the pH is adjusted to 2.5 by the 
addition of 1 N aqueous hydrochloric acid. The mixture 
is washed with ethyl acetate. The aqueous phase is 
concentrated. The residue is chromatographed on reverse 
Phase C-18 silica gel. The fractions containing the 
product are combined and concentrated to give the product 

30 in good yield. The BOC protected epsilon amino 
functionality of compound 3JL is removed by stirring at 
room temperature in trif luoroacetic acid-methylene 
chloride mixture. The resulting primary epsilon amino 
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compound, il is triturated with AG-1 X8 anion exchange 
resin (hydroxide form) in methanol-H 2 0) mixture at room 
temperature for 15 hours. The mixture is filtered, and 
the resin is rinsed with methanol- The filtrates are 
combined and concentrated to afford the o-deacetylated N- 
acetyl galactose cluster which upon reaction with 
succinic anhydride in triethylamine and DMF at room 
temperature afforded the hemisuccinic acid adduct 22. in 
good yield. The hemisuccinic acid functionality of 
compound 12. is activated via 1.1 equivalents of N- 
hydroxy-succinimide reaction in presence of 1.2 
equivalents of DCC coupling reagent. The reaction 
product is concentrated in vacuo to yield a crude product 
which upon purification on silica gel chromatography 
afford the NHS ester 21 in moderate yield. The NHS ester 
of the galactose cluster chelating compound adduct of the 
trifunctional lysine is reacted with Annexin V at PH 6-10 
in the presence of DMSO (0-15%) . The reaction is carried 
out at 25°C-37°C for 1-2 hours. The crude conjugate is 
purified by gel filtration chromatography to afford 
galactose cluster-chelating compound-Annexin V lysine 
conjugate 2A in good yield. 
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EXAMPLE XIX 

Radiolabeling Procedures for Examples XVT, XVTI and XVIII 

Characte rization of Galactose Clustier-Chelate-Annexin V 
Conjugates 

Protein concentration is determined using A 280 of 0.6 
for 1 mg/mL solution of annexin V. The number of 
galactose residues per molecule of annexin V is 
determined by measuring the total number of reactive 
amines on Annexin V before and after reaction with 
galactosyl Cluster-Chelate conjugate using 
trinitrobenzenesulfonic acid, as described by Habeeb, 
Analytica l Biochemistry. 1£: 328-36,1966. 

Also the number of galactose residues per molecule of 
modified annexin V conjugated via sulfhydryl is 
determined by measuring the reactive sulfhydryl on 
Annexin V before and after reaction with galactosyl 
cluster chelate conjugate using 3-carboxy-4-mitrophenyl 
disulfide; DTNB; Ellman's reagent, as described by 
Deakin, et . al.; Biochem. J. , £2.: 296, 1963. The ability 
of galactose-chelate-annexin V to bind to activated 
platelets is assessed by determining its ability to 
inhibit the binding of unmodified, I-125-radiolabeled 
annexin V to freshly isolated human platelets, following 
the method of Thiagarajan and Tait, J. Biol . Chem. , ?65 : 
17,240-43, 1990. 
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Radiolab elina procedure for use in Post-Formed Chelate 
Conjugation Method. 

Method A : Stannous gluconate kits are prepared 
containing 5 mg sodium gluconate, 100 micrograms stannous 
chloride, 1.0 mg (1 mg/mL) of galactose cluster-chelate- 
annexin V # and 0.1 to 1.0 mg of lactose, The pH is 
maintained between 5 and 7 using HCl, acetic acid or 
NaOH. To the stannous gluconate kit is added 1 . OmL 
sodium pertechnetate (Tc-99m) with a specific activity of 
about 50 mCi. The vial is incubated at 25-30°C for 5-30 
minutes. The percent formation of labeled conjugate, 
remaining pertecnetate, and hydrolyzed/reduced technetium 
is determined by ITLC in 12% TCA as developing solvent. 

Method B : Stannous tartrate kits are prepared in an 
evacuator vial under nitrogen to contain 0.5 mL of 
disodium tartrate (10 mg/mL) and 0.1 mL stannous chloride 
(1.0 mg/mL in ethanol) . The pH of the solution is kept 
between 5 and 7, preferably 6.0. To this stannous 
tartrate solution is added 1.0 mL of sodium pertechnetate 
(50 mCi) , and the solution is allowed to stand at room 
temperature. In an evacuated vial, 200 ftl of sodium 
phosphate (0.5 M, pH 8 or 10) and 1.0 mL of galactose 
cluster-chelating compound -annexin V conjugate (1.0 
mg/mL) are added successively. Then Tc-99m-tartrate (50 
mCi) is added, and the vial is incubated at 25-3 7°C for 
5-30 minutes. The percent formation of labeled 
conjugate, remaining pertecnetate, and hydrolyzed/reduced 
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technetium is determined by ITLC in 12% (w/v) 
trichloroacetic acid as developing solvent . 

' r-AnnoxinV 





EXAMPLE XX 

Production of Modified Annexin V Dimer by Recombinant 

Methods 

A dimer of two modified annexin V molecules can be 
prepared by recombinant -DNA methods following the methods 
described by Tait et al., J. Biol. Chem.. 22£: 215.94- 
21599, 1995, for construction and expression of chimeric 
molecules containing annexin V. First, PCR is performed 
on the annexin V cDNA template pPAP-I-1.6 with 
oligonucleotide primers that introduce an Ndel site at 
the 5' end and a BamHI site at the 3' end of the annexin 
V coding sequence (amino acids 1-320 + stop codon) , and 
this PCR product is cloned by standard procedures into 
the Ndel and BamHI sites of plasmid pET-12a (Novagen 
Corp., Madison, WI) to create plasmid pET-12a-Axl. PCR 
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is then performed again on the annexin V cDNA template 
pPAP-I-1.6 with oligonucleotide primers that introduce an 
Ndel site at the 5' end and a sequence encoding the amino 
acids Gly-Gly-Gly-Gly-Gly-Gly followed by an Ndel site at 
the 3' end of the annexin V coding sequence (amino acids 
1-320) . This PCR product is then cloned by standard 
procedures into the Ndel site of plasmid pET-12a-Axl to 
create plasmid pET-12a-Ax2. Production of the dimeric 
annexin V molecule by cytoplasmic expression in E. coli 
from plasmid pET-12a-Ax2 is then performed by standard 

procedures, for example as shown by Tait et al . , i Biol ■ 

Chem. . 270 : 21594-21599, 1995. 

All publications and patent applications mentioned in 
this specification are herein incorporated by reference 
to the same extent as if each individual publication or 
patent application was specifically and individually 
incorporated by reference. 

From the foregoing it will be appreciated that, 
although specific embodiments of the invention have been 
described herein for the purpose of illustration, various 
modifications may be made without deviating form the 
spirit and scope of the invention. 



